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Introduction and problem definition 
There can be no doubt that a historical breakthrough in operative therapy for 
osteoarthritis of the hip was achieved when Sir John Charnley introduced acrylic 
cement for the Fixation of hip joint arthroplasty in the early sixties. 
Today, total hip replacement has become the most widely accepted procedure to 
reconstruct many disabling pathological conditions of the hip joint. Recently, it 
has been estimated, that about 1500 total hip arthroplasties are performed daily 
throughout the world (Buchholz et al., 1985). 
In the Netherlands, this operation is estimated to be performed 10.000 times 
annually (van Rens, 1986). 
Cemented total hip replacement has progressed to a highly successful and 
rewarding procedure. The overall success rate reported in several long term 
follow-up studies ranges from 80 to 92% (Dobbs, 1980; Salvati, 1981; Coventry, 
1981; Griss et al., 1982; Stauffer, 1982). 
Nevertheless, hip arthroplasty is not free from complications. 
Satisfactory results can be jeopardized by early complications such as deep 
infections, hematoma and wound healing disturbances, dislocation, 
thromboembolic disease, nerve palsy, heterotopic bone formation and 
sometimes trochanteric problems and/or fractures of the femur. Major late 
complications are aseptic and, less frequently, septic loosening of the implant, 
sometimes accompanied by fracture and/or excessive wear of the implant 
components. 
Although the reported incidence varies, it is generally agreed that aseptic 
loosening of one or both components is the most common complication of 
conventional total hip replacement (Beckenbaugh and Ilstrup, 1978; Moreland 
et al., 1980; Harris, 1982a; Stauffer, 1982; Griss, 1984). Initially, many follow-up 
studies on cemented hip arthroplasties suggested a considerably higher 
frequency of femoral component loosening compared to failure of the 
acetabular component (Miller et al., 1978; Gruen et al., 1979; Harris, 1982a; 
Harris et al., 1982b). Recent studies, however, have shown that these findings are 
strongly dependent on the time of observation. The annual incidence of 
rearthroplasty for femoral loosening is most pronounced in the first 5 years 
postoperatively (Gustilo and Burnham, 1982; Morscher and Schmassmann, 
1983), but seems to plateau during the interval between 5 and 10 years 
postoperatively (Stauffer, 1982). The annual incidence of acetabular cup 
loosening as the reason for rearthroplasty is very low in the first years after 
implantation, but shows a strong increase after 8 years (Morscher and 
Schmassmann, 1983). Of course, such data will have to be judged in comparison 
with the long-term results of cemented arthroplasties using modern techniques, 
the first reports of which seem promising (Harris and McGann, 1986; Harris and 
Penenberg, 1987). In many follow-up studies, only the incidence of loosening 
requiring revision is reported as a parameter for implant failure. Nevertheless, 
the incidence of roentgenologic signs which might be interpreted as consistent 
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with implant loosening and the possible correlation with clinical symptoms, are 
of paramount significance in assessing the durability of hip arthroplasties. 
However, confusing terms like 'possibly loose, probably loose or definitely loose' 
jeopardize the statistical value of patient series comparison. Controversy still 
exists over the definition of mechanical loosening by using radiographic criteria 
like radiolucency at the bone-implant interface, fractures of cement and 
subsidence or fractures of prosthetic components. It has been shown that the 
determination of the presence and degree of radiolucency is very difficult (Brand 
et al., 1985). Moreover, confusion arises also from the fact that many 
arthroplasties which are considered to be radiographically loose, are not painful 
(Carlsson and Gentz, 1980; Stauffer, 1982). 
Migration of prosthetic components can be revealed by roentgen 
stereophotogrammetic analysis (Selvik et al., 1983; Mjöberg et al., 1986) and may 
be considered coherent with clinical failure in the course of time, in particular 
where the acetabular component is concerned (Mjöberg et al., 1987). The 
femoral component can subside to a lower and stable position (Weber and 
Charnley, 1975; Ling, 1985). Radionuclide scintigraphic studies will be helpful in 
the detection of prosthetic loosening, in particular with respect to the femoral 
component (Feith et al., 1976; Gelman et al., 1978). 
When properly performed and interpreted, subtraction arthrography can yield 
an accuracy of 96 to 100% in evaluating hip implant loosening (Lyons et al., 
1985; Lemmens, 1987). 
Clinical experience with cemented arthroplasties has shown that the major 
factors causing aseptic loosening are: 
1. The properties and side-effects of polymethylmethacrylate (PMMA) (de Waal 
Malefijt et al., 1985). 
2. Type, design, mechanical properties and biocompatibility of the implanted 
material (Huiskes, 1980; Ducheyne, 1984). 
3. The biological and mechanical properties of the surrounding tissues (Willert 
and Puis, 1972; Vernon-Roberts and Freeman, 1976; Ducheyne, 1984). 
4. Wear and abrasion of the implanted materials (Vernon-Roberts and Freeman, 
1976; Willert and Semlitsch, 1976). 
5. The implantation procedure, in particular the orientation of the implant, 
surgeons experience, fixation technique (Pellicci et al., 1979; Ling, 1980; 
Buchholz, 1985). 
6. The condition of the patient (age, quality of bone stock, body weight, primary 
and secondary disease) Ling, 1980; Galante, 1980; Stauffer, 1982; Griss et al., 
1982). 
7. Patients activity level (Gustilo and Burnham, 1982; Collis, 1984). 
In the clinical situation, most of these factors are interrelated. Any implant in 
human tissue will cause certain inflammatory reactions, whether or not 
temporarily. Furthermore, normal bone is continuously remodelling. It should 
be discerned, that a very important part of the reactions in the bone following 
hip prosthesis implantation, has to be attributed to the surgical procedure itself. 
The bone at the implant-bone interface becomes necrotic to a certain degree, 
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partly due to direct damage and interruption of the osseous vascularization, but 
also due to polymerization heat in case of cemented implants (Charnley, 1970; 
Willert and Puis, 1972; Feith, 1975). The best definition of postoperative tissue 
reactions has been reported by Willert and his co-workers (1972). They discerned 
the following three phases which are likely to be recognized after any type of 
artificial joint implantation: 
1. An initial phase, lasting up to three weeks after operation. 
2. A reparative phase, commencing during the third postoperative week and 
lasting for up to two years. 
3. A phase of stabilization, beginning one to two years after operation. 
The crucial question is, whether the implant remains stable during the process of 
tissue repair, in particular when mechanical loads are applied. Therefore, the key 
region for clinical success or implant failure is the bone-implant interface, which 
changes its characteristics due to an altered loading environment (Radin et al., 
1982; Huiskes, 1986; Ryd, 1986). With any method of fixation not involving 
adhesion at molecular level, a difference in elastic moduli between implant and 
bone will induce some (micro)movements between them with every application 
of load. Whenever the amplitude of this cyclic displacement increases with each 
successive application of load, bone resorption and progressive development of 
a fibrous tissue membrane will probably be the result (Miller, 1978; Ling, 1980; 
Ryd, 1986). 
Another important cause of bone lysis is the formation of so-called 'aggressive 
granuloma'. Particles of acrylic cement, high dense polyethylene or metal debris 
initiate bone resorption by activating quiescent macrophages (histiocytes) 
(Willert et al., 1974; Willert and Semlitsch, 1976; Vernon-Roberts and Freeman, 
1976; Eftekhar et al., 1985, Wroblewski et al., 1987). 
Macrophages are considered to be precursors of osteoclasts (Chambers and 
Path, 1980). The activated histiocytes are believed to produce enzyme activity, 
through which the osteoclastic activity progresses further. The fibrous tissue 
membrane may develop a synovial-like appearance (Goldring, 1983; Eftekhar, 
1985). It should be emphasized that, in turn, progressive micromotion of the 
implant relative to bone may result from these reactions, which are liable to be 
followed again by the development of more reactive and resorptive foci at the 
interface. 
In conclusion, bone resorption and micromotion are interrelated, whereas 
changes in local stresses due to the insertion of a prosthesis play an unmistakable 
role in these interactions. Definite failure of the bone-implant interface may thus 
be initiated (Ferren, 1984). A practical definition of loosening is 'failure of 
adequate fixation' (Ling, 1980). Hence, the importance of an optimal primary 
mechanical interlock between implant and bone with respect to long-term 
success of total hip replacement, has been emphasized by many authors 
(Stauffer, 1982; Harris et al., 1982b; Weber, 1983; Heyse-Moore and Ling, 1983; 
Morscher and Schmassmann, 1983; Pellicci, 1984). In the ideal situation, a 
'stable' interface develops. 
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With the objective to improve the quality of fixation of implants to bone, two 
main approaches in experimental and clinical studies have gained much interest 
in the last decade: 
A. Improvement of cementing techniques and also improvement of implant 
materials and design. 
B. Uncemented fixation of implants, based on bone tissue interlocking with a 
porous prosthetic surface or bone tissue ongrowth on undulated, grooved or 
surface structured prostheses, while also bioactive surfaces are tested and 
studied. 
The evaluation of implants and their long term fixation by using animal 
experiments, stress analyses, clinical reviews and cadaveric studies, represents a 
difficult and challenging problem. In developing criteria for artificial joint 
designs and fixation techniques, it would be a major advantage if the relations 
between stresses or strains and bone reactions adjacent to implants, could be 
quantified to some degree of accuracy. In this respect, particular emphasis 
should be put on our knowledge and understanding of bone remodelling and on 
the specific failure mechanisms, associated with the prosthesis-cement-bone 
interfaces. Important information hereabout can be derived from animal 
experiments. 
Hence, the problem definition for this study is as follows: 
Is it possible to isolate reproducible differences in the initial bone reactions 
following cemented and uncemented arthroplasty, using exactly the same 
surgical approach and identical preparation technique of the bone? 
An animal experiment was developed in an effort to find answers to these 
questions, in the following manner: 
1. Using a standardized surgical approach and an identical procedure for 
preparation of the medullary canal, a cemented CoCr-prosthesis was inserted 
in one group of African pygmy goats, while a custom-made uncemented 
polyacetal endoprosthesis was implanted 'press-fit' in the proximal femur of a 
second group of goats. 
2. Tissue differentiation around the respective implants in the first six 
postoperative weeks was studied systematically. Sequential documentation 
was obtained from microangiography, light and fluorescence microscopy, 
scanning electron microscopy and from a radiographic evaluation. 
A detailed description of methods and the results from the animal experiment 
will be preceded by a discussion of the present status of acrylic cement in hip 
arthroplasties (Chapter I), and a literature review of uncemented fixation 
(Chapter II). 
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CHAPTER I 
The actual status of acrylic bone cement in total 
hip replacement 
A review 
The utilization of polymethylmethacrylate to stabilize total hip replacements 
has tremendously increased since Charnley introduced the acrylic cement as a 
fixative in 1960. 
Many contemporary studies and experiments have resulted in increased 
knowledge about cement properties and side-effects. In this article the present 
status of acrylic cement in total hip replacement is contemplated, with the aid of 
a comprehensive and actual review of the literature, and supplemented with 
remarks and recommendations resulting from a long-lasting experience with 
cemented hip arthroplasties in our clinic. 
Thorough knowledge of mixing and handling instructions regarding the 
application of each separate cement is indispensable, while also the importance 
of practising meticulous cementing techniques in order to obtain optimal 
primary implant fixation, is strongly emphasized. When hip replacements are 
performed according to these developments, a reduction of mechanical 
loosening of cemented hip arthroplasties is liable to be achieved. 
1.1 INTRODUCTION 
A survey of the extensive literature concerning utilization of polymethyl-
methacrylate (PMMA) for fixation of joint implants suggests how revolutionary 
Charnley was in 1960, when he stabilized his first arthroplasty of the hip with 
acrylic cement3. Since then, the properties and side-effects of acrylic cement 
have been studied by many investigators. These studies have resulted in major 
and dramatic improvements in the use of PMMA, heralding an entire new area of 
cemented arthroplasties. Long-term follow-up studies will have to demonstrate 
whether all changes lead to an improvement of results. 
1.2 THE INTERLOCKING OF ACRYLIC CEMENT AND BONE 
The durability of a cemented arthroplasty is closely related to the quality of 
fixation of acrylic cement to the bone, and is also dependent on the interfacial 
bond between cement and prosthesis. Acrylic cement is exclusively a 'filler', 
adapting the surface irregularities of the surrounding bone tissue to the relatively 
smooth surface of the inserted prosthesis (macro-interlock). In this way, the area 
of contact between cement and bone is increased and forces are distributed over 
Published in the Acta Orthopaedica Belgica, Tome 53, Fase. 1, 52-58 (1987). 
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a larger bone surface area, so that local overloading is avoided. 
By pressurizing the cement during insertion, the acrylic cement penetrates into 
cancellous bone interstices with better mechanical interdigitation as a result 
(micro-interlock). This bonding between bone and acrylic cement by 
interdigitation is called 'primary mechanical anchorage'. Subsequently we may 
refer to the 'secondary mechanical anchorage' as the steady state, which can be 
obtained when all biological reactions in the surrounding tissues following an 
arthroplasty, have become stationary. 
13 PRIMARY MECHANICAL ANCHORAGE 
The quality of the primary mechanical stability of a cemented prosthesis mainly 
depends on: 
- the viscosity of the acrylic cement 
- cement pressurization 
- blood pressure 
- structure of the surrounding bone tissue 
- cleanliness of the bone tissue 
- implant design 
- implant insertion technique 
- dimensional changes of the cement. 
In the past, several acrylic cements have been developed which produce different 
viscosities during the 'mixing' and 'handling' phases in the polymerization 
process. A number of experiments, including our owns, have shown that there 
are no significant differences between these cements as far as mechanical 
properties are concerned, if the mixing technique is properly standardized7. Low 
viscosity cement penetrates more easily in trabecular bone. Noble and Swarts 
(1983) performed an in vitro study, in which they demonstrated a clear 
correlation between the viscosity of cement and final penetration depth22. The 
depth of penetration also depends on the size of the interstitial cavities in 
cancellous bone. It is impossible to obtain adequate primary anchorage in a 
sclerotic bone cavity. Furthermore, the moment at which the cement is 
pressurized within the prepared bone is of critical importance in achieving the 
desired mechanical interdigitation20. 
The bone structure can only be optimally utilized, if the cancellous bone has 
been thoroughly cleaned with a lavage system (waterpick) and subsequently 
dried. Huiskes and Slooff have shown that thermal damage to the bone is likely 
to occur with a cement penetration of 5 mm. or more15. Walker et al (1984) 
found, that there seems to be a correlation between an increase of the strength of 
the cement-bone composite and the depth of penetration under similar 
conditions of bone preparation31. From their study they also suggested that the 
ideal penetration depth amounts 3 to 4 mm. Other researchers have advocated a 
penetration depth of 5-10 mm16. Considering all these factors, it is extremely 
difficult to develop a standardized technique which guarantees a certain 
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penetration depth in the clinical situation. Although the viscosity of the cement 
should be low in order to obtain adequate cement penetration, a sufficiently high 
viscosity is needed to enable pressurization22. In this respect, exact knowledge of 
the mixing conditions for PMMA bone cement is indispensable. Preferably, the 
pressure exerted on the bone tissue by the cement dough is maintained at a level 
substantially above the bleeding pressure, until the viscosity of the dough is high 
enough to resist the occurrence of a hematoma between cement and bone, which 
will compromise the strength of the interface13. The distribution of the cement 
and the direction in which the acrylic flows during prosthetic insertion, also 
depend on the geometry of the bone cavity as well as the design of the implant. 
During insertion into the cement, a prosthesis should be moved in one direction 
only; the contact force must be applied statically and must be maintained until 
polymerization is complete. Any movement of the pressing aid by the surgeon in 
fhis stage, always leads to undesirable migration of tbo cement and often to 
disruption of the integrity of the cement mantle. 
During and after the polymerization process, the cement dough undergoes 
dimensional changes. In the literature, an overall expansion of 2 to 5 volume 
percent has been mentioned, as a result of expansion of enclosed air and 
vaporized monomer bubbles, followed by thermal shrinkage25. The shrinkage 
may result in a gap between the bone and the cement mass, which may constitute 
a threat to primary mechanical anchorage. 
1.4 SECONDARY ANCHORAGE 
A large number of parameters are involved in the long-term quality of the bone-
cement bonding: 
- the initial damage to the bone as a result of the operation 
- side-effects of acrylic cement 
- positioning of the prosthesis 
- the load on the artificial joint 
- general condition, age and in particular the weight of the patient 
- trauma/infections 
- ageing of the cement 
- changes in bone diameter in elderly patients (osteoporosis). 
Some of these parameters are as follows: 
- damage to the bone, caused by cement constituents 
- other influences on secondary anchorage. 
1.4.1 Polymerization heat 
In nearly all publications on this subject, the heat produced by the polymerizing 
bone cement is unanimously considered to be an important causative factor of 
initial bone necrosis. Feith concluded from rabbit experiments that the thermic 
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tissue damage far exceeds the necrosis which results from ischemia by the 
operative interference with the blood supply8. In a finite element model, 
Huiskes demonstrated a theoretical relationship between the maximum 
temperature, the cement layer thickness, and the amount of bone necrosis, 
whereby the stem of a metal femoral endoprosthesis in the cement leads to a 
reduction of the maximum temperature, acting as a 'heat sink"4. 
He also established that geometrical conditions, a higher initial bone 
temperature, and the inferior thermal properties of HDPE compared to metal, 
attribute to a greater chance for thermal damage during acetabular cup fixation 
with cement than during fixation of intramedullary (metal) implants. 
Furthermore, Huiskes evolved the hypothesis, that a higher temperature may 
have an indirect effect on tissue necrosis by increasing the cytotoxicity of residual 
monomer14. Of course, the amount of bone necrosis depends on the duration of 
exposure to polymerization temperatures. Eriksson demonstrated that bone 
developes necrosis when exposed to a temperature of 470C or higher during one 
minute or more6. As previously stated, it remains uncertain what will be the 
exact effect of deep penetration of acrylic cement in trabecular bone, as a result 
of pressurization techniques. As long as no definite clinical data are available on 
this subject, it is advisible to take all possible measures to reduce the maximal 
temperature (cooling the bone with a waterpick, avoiding thick cement mantles 
etc.). 
Considerable precooling of the prosthetic components before insertion, and/or 
the cement constituents prior to mixing, may lead to a reduction of the 
temperature at the bone-cement interface5. A disadvantage is, however, that the 
setting time is prolonged, resulting in a compromise of the mechanical properties 
of the cement14. 
1.4.2 Monomer 
In the past, methylmethacrylate intoxication was considered to be the principal 
cause of circulatory disturbances and even cardiac arrest during implantation of 
cement joint arthroplasties, in particular in the femur. 
Recent studies have now suggested that this so called 'implantation syndrome' is 
initiated by fat, bone marrow cells and probably entrapped air, being forced into 
the vascular system by the pressure under which bone cement is implanted into 
the medullary canal. This can be visualized by using intra-operative 
transoesophageal two-dimensional echocardiography continuously12. 
Utilization of a vent during cement insertion, but also cleaning of the trabecular 
structure of the bone with a lavage system, reduces the likelihood of such 
embolization28. Many in vitro and in vivo studies have been designed to evaluate 
the cytotoxicity of monomer. Linder established that monomer, even when 
thermal effects and pressure on the tissue are eliminated, causes 
microcirculatory disturbances resulting in tissue necrosis19. 
The rate of monomer loss is highest in early stages of mixing and again during 
exothermic loss. However, there is relatively little difference between the 
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monomer lost from the start to the end of the 'handling' phase. Therefore, 
waiting with the introduction of cement until just prior to the setting time, has no 
beneficial effect with respect to the possibility of introducing less monomer to 
the patient ". Furthermore, it has been shown that the concentration of 
unpolymerized monomer at the interface is only high enough to cause tissue 
necrosis until a maximum of 4 hours after insertion of the cement dough29. 
1.4.3 Dimethylparatoluidine 
The catalyst NN-dimethyl-p-toluidine (DMpT) is well known to be toxic even at a 
low concentration (inhibiting synthesis of proteins, carcinogenic effects). Bosch 
et al. suggested, that DMpT may be responsible for mineralization disturbances 
of bone, leading to osteoid formation. By means of gaschromatographic 
analysis, they identified DMpT in acrylic cement even 10 years after total hip 
replacement2. The clinical significance of these findings however, is yet 
unknown. 
1.4.4 Other cement constituents 
The effect of additives like antibiotics, colourants and contrast media on the 
mechanical properties of the cement can not be neglected. Barium sulphate 
(roentgen contrast medium) for instance, was found to be associated with 
necrosis of lamellar bone. However, it seems unlikely that these reactions will 
occur when this contrast medium is utilized within acrylic cement. 
1.4.5 Ageing of polymethylmethacrylate 
As the age of implanted cement increases, its strength slowly reduces. 
By diffusion processes leading to volume changes, and cyclic loading of the 
material, the acrylic turns into a more rigid substance with a decrease in 
resilience', 14. The abrasion of particles of acrylic cement, in the presence of 
relative motions, may subsequently lead to agressive granulomatous tissue 
reactions, which in turn will contribute to bone resorption and further loosening 
of the implant33. 
1.4.6 Other influences on secondary anchorage 
It has been shown that the diameter of long bones increases with aging, by 
subperiostal expansion and endosteal bone resorption27. It remains to be seen 
whether these reactions also take place after intramedullary fixated 
arthroplasties. Theoretically, the gap which is thus formed between implant and 
bone, may initiate a definite loosening of the prosthesis. But also, the design and 
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mechanical properties of the implant, bodyweight of the patient and the loading 
on the prosthesis play an important role in bone remodelling. 
ƒ.5 DISCUSSION 
In terms of polymerization heat, toxicity of cement constituents, dimensional 
changes and unfavourable mechanical properties, acrylic cement is certainly not 
an ideal fixative for joint implants. 
Nevertheless, the clinical results of other fixation techniques have not yet 
exceeded the data from cemented arthroplasties, which in most publications 
have been reported as a mean of 90% good results after ten years4. Moreover, it 
appears reasonable to assume that optimization of implant designs, cements and 
cementing techniques will even improve these results and increase the average 
expected lifespan of cemented total hip replacement. The first clinical results of 
modern techniques substantiate this assumption10. 
1.6 IMPROVEMENTS IN IMPLANT DESIGN 
Femoral components were provided with a broad and rounded medial border, 
and sharp edges ('stress-raisers') were eliminated. Preferably, the width of the 
stem is more than half the width of the medullary canal1. 
Concerns over the incidence of acetabular component loosening have motivated 
further research into acetabular cups. The addition of a metal backing to a 
polyethylene component serves to stiffen the otherwise flexible cup, and this 
stiffening serves much the same purpose as the subchondral bone in the natural 
acetabulum. 
Metal backing thus tends to distribute loading around the prosthetic component 
more uniformly, which results in lower peak stresses in cement, subchondral 
bone and trabecular bone within the acetabular region. Furthermore, metal 
backing probably establishes a heat-sink effect with respect to the 
polymerization heat generated by the acrylic cement. The first clinical results of 
hip arthroplasty with the use of metal backed acetabular components are 
encouraging11. Having a uniform cement mantle is considered to be 
advantageous in terms of stress in the cement. For that reason, spacers have been 
added to acetabular components, to guarantee a uniform cement mantle 
thickness. Preferably these spacers are made of PMMA, in order to have the 
same mechanical properties as the cement mantle. In the past, the critical 
importance of the interfacial bond between a metal implant and bone cement, 
has been underestimated. Raab et al. demonstrated that the implant-cement 
interface deteriorates over time when exposed to 370C saline. They established 
poor static and fatigue properties of these interfaces compared to the same 
properties for bone cement, suggesting that failure of this interface may be a 
precursor as well as a major cause of cement failure and subsequent implant 
loosening2*. This was confirmed by Huiskes, who stated that the cement stress is 
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dramatically increased when the implant-acrylic cement interface is loose14. The 
strength of the cement-metal interface can be increased by PMMA-precoating. 
In this process, a thin layer of bone-cement is added to the metal surface of the 
prosthesis by the manufacturer. 
/. 7 IMPROVEMENT OF ACRYLIC CEMENT 
In orthopaedic research, many experiments have the objective to develop a new 
acrylic cement with reduced polymerization heat and enhanced mechanical 
properties, by alternating polymer formulations, addition of reinforcing agents 
and changes in the particle size distribution of the prepolymerized powder. As 
hand mixed cement is a brittle material, several methods have been explored to 
enhance cement properties through reduction of cement porosity. These 
methods include centrifugation of the cement mixture, vacuum mixing 
techniques or mixing under ultrasonic vibrations. The fatigue life of cement can 
thus be increased by porosity reduction, while the implant cement interface 
strength as well as the bone-cement interface strength are enhanced7. The 
success of these techniques depends on the viscosity of cement during the mixing 
and handling phase. Vacuum mixing can lead to a 70% reduction of 
cementporosity, resulting in a 20 to 40% increase of cementstrength24. A major 
disadvantage of centrifugation might be that cement constituents or additives, 
as a result of density differences compared to PMMA, are thrown to the 
periphery of the cement. Thus, the cementstrength is locally reduced. This is 
particularly marked in 'cold' specimens, in which the viscosity has not yet 
increased, while the force of centrifugation is also of significant influence30. 
There is no general agreement about the benefits from ultrasonic vibration of the 
cement-mixture7. Cement-porosity is not only dependent on the mixing 
technique. Noble et al. used Surgical Simplex bone cement in a laboratory study 
on cadaver femurs. They found that the degree and distribution of the pores in 
the cement also depended on the cement thickness and the position of the 
cement in the femur, both of which are related to the prosthetic design23. 
1.8 IMPROVEMENTS IN CEMENTING TECHNIQUES 
Several measures to improve implant fixation with acrylic cement have already 
been mentioned previously. The bulk shape of the bone cavity has to be 
meticulously prepared in such a manner, that a congruous cement mantle 
geometry can be obtained after insertion of the implant. Large bone defects are 
preferably filled with bone grafts. The use of pulsating saline lavage to 
mechanically debride the prepared bone surfaces and scrupulous cleaning and 
drying of the bone cavity before insertion of acrylic cement has significantly 
altered the primary quality of the bone cement interface. Miller et al. 
demonstrated that thorough cleaning of the bone surface in a cortical tube 
model in the dog produced a virtual doubling of the cement-bone surface shear 
strength21. 
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In terms of cement distribution, it is well established that plugging the medullary 
canal leads to a much stronger bone-cement interface. 
Insertion of the acrylic with a cement-syringe, using a vent to allow air to escape, 
is recommended. Knowledge of the exact mixing and handling time of the 
utilized cement is indispensible. In order to perform a proper cementing 
technique one should not insert the cement until the appropriate viscosity is 
obtained, which enables sufficient pressurization of the cement and adequate 
penetration in the trabecular bone. The pressurization techniques as described 
by Ling, Weber and Harris deserve attention. They introduced several methods 
and instruments to maintain pressure on the cement dough until it has 
cured10,18,32. 
1.9 CONCLUSION 
The critical importance of an optimal primary fixation of cemented 
arthroplasties to improve long-term results, is now gaining wide acceptance. The 
little additional time which is needed to practice all new cementing techniques, 
can be absolutely neglected compared to the duration of revision surgery. It is not 
to be expected that other fixation techniques will equal the quality of the primary 
anchorage as obtained with acrylic cement. Meticulous surgery and cementing 
technique, and appropriate implant selection, have resulted in the evolution of 
the cemented total hip replacement procedure to its present status of predictable 
reliability. 
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CHAPTER II 
Uncemented fixation of hip arthroplasties 
A literature review 
11.1 INTRODUCTION 
Fixation techniques for femoral endoprostheses have undergone an interesting 
evolution. From the early 1930s, hemi-arthroplasties were performed almost 
exclusively, before it was recognized that the addition of an acetabular 
component could improve clinical results. 
The first interposition arthroplasties of the hip were reported by Hey Groves in 
1923 (36), later followed by Rehn (71). In September 1940, Moore and Bohlman 
successfully inserted the first Vitallium endoprosthesis, to replace a recurrent 
giant-cell tumor in the proximal femur of a 53-year-old man (60). From that time, 
Moore progressively used Vitallium endoprostheses with fenestrated stems, 
which allowed bony ingrowth (59). In Europe, the Judet brothers introduced 
their halfspherical plexiglass prosthesis for femoral head replacement (44). From 
1951, McKee and Watson-Farrar performed several total hip replacements, 
consisting of metal components, but the results were poor (54). However, an 
immediate improvement of clinical results occurred, when acrylic cement was 
introduced as a fixative (16,55). The subsequent revolution of cemented hip 
arthroplasties concurrently confronted orthopaedic surgeons with the 
disadvantageous properties and side-effects of acrylic cement. Many reports of 
early implant loosening were attributed to the acrylic cement itself, tempering 
the initial enthusiasm for its use, and a world-wide search for new methods of 
uncemented fixation was generated. In Europe, Boutin was the first to use 
titanium femoral prostheses (11), while Mittelmeier, Griss and Salzer became 
experienced in the use of ceramic implants (57, 58, 31, 77). The Judet brothers 
introduced their metal implants with a porous surface (45), while Lord reported 
satisfactory results with his cementless 'madreporic' prosthesis (51). 
Furthermore, important work in this field was performed by Morscher who 
gained experience with 'isoelastic' polyacetal implants (63), by Ring who 
combined a modified Moore's prosthesis with a 'screw-in' metal socket design 
(73), and by Ducheyne and co-workers (19) who developed and studied stainless 
steel and titanium porous wire mesh structures. Outside Europe, Galante et al., 
(26) introduced fibre metal coatings to increase the implant surface area for bony 
ingrowth, while Pilliar and co-workers pioneered with different porous-surface 
configurations (69). 
To date, several long-term follow-up studies have been reported. Ring found 
satisfactory clinical results in 85% of 432 cases, with a follow-up time varying 
from 6 to 11 years (74). 
Similar results were recorded by Judet et al. (46), who found 87% good results in 
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a follow-up of 5-9 years duration (394 cases), while Lord and Bancel (53) 
recorded 83.4% good to excellent results in 235 patients 6 to 8 years 
postoperatively. Unfortunately, the clinical significance of many follow-up 
studies has been jeopardized by intercurrent adaptive changes of prosthetic 
designs. 
Π.2 CEMENTLESS FIXATION OF HIP PROSTHESES 
The premise of uncemented intramedullary fixation of femoral components is 
the establishment of a permanently stable bone-implant interface by bone tissue 
ingrowth. This can be achieved by means of the following techniques: 
1. Impaction of the implant into a meticulously prepared bony bed, and bone 
ongrowth on undulated or grooved surface structures. 
2. 'Press-fit' implantation and bone tissue interlocking with a porous or 
bioactive prosthetic surface. 
3. Mechanical fixation, such as with screws or screw-threaded implants. 
For the purpose of permanent integration of uncemented hip prostheses, the 
establishment of a state of biological and mechanical equilibrium between the 
implant and the surrounding tissues is essential. Whether this can be 
accomplished, depends on various, mostly interrelated factors, such as: 
a. The viability and the mechanical properties of the surrounding tissues. 
b. Prosthetic material and design, with special reference to aspects such as 
biocompatibility, surface structure and mechanical properties of the implant. 
с The effect of functional loading conditions. 
11.2.1 The condition of surrounding tissue. 
The first prerequisite for bony ingrowth to occur, is the presence of well-
vascularized non-sclerotic bone, which can produce endosteal osteogenesis and 
which has the intrinsic strength and capability to withstand weightbearing forces 
(51). It has been shown that the rate of bone ingrowth is higher for implants 
placed in cancellous bone than in cortical bone, due to the more extensive 
vascularity and the different architecture of spongy bone (18,69). Consequently, 
preparative surgery of the implant bed should be extremely delicate, to preserve 
adequate bone stock for anchorage and to yield close contact between the 
prosthetic surface and the bone (2, 69). Thus, optimal initial stability can be 
obtained, which in turn is a prerequisite for bone ingrowth (25,29). The necessary 
removal of bone should not be carried out with high speed drills, but sharp and 
continuously cooled drills with gradually increasing size should be used, to avoid 
thermal injury of the bone during surgery (23). Previous irradiation or 
osteoporosis are no absolute contraindications for cementless implantation (2). 
The influence of aging on bony ingrowth potential is unknown. Recent studies 
have revealed a decrease in bone formation with age in test animals (86). These 
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findings correlate with clinical observations of prolonged healing-time of 
fractures in elderly persons. Consequently, uncemented fixation of implants in 
elderly patients should be approached with limited expectations. 
Enhancement of the bone ingrowth process was studied by several investigators. 
Ъ о different techniques were considered: 
1. Stimulation of bone ingrowth by electrical currents (75), the effect of which 
has proven to be limited so far (20). 
2. Stimulation by the use of bioreactive materials inside the pores of the 
prosthetic surface coating (20). These materials include autogenous and 
allogeneic bone graft particles, hydroxyapatite (30) and calcium phosphate 
ceramics, demineralized bone matrix and partially purified proteins and 
collagen (81). In test animals, a slight increase in bone formation was 
established when such osteoinductive substances were used. Additional 
studies are required before the clinical importance of these techniques can be 
determined (78). 
Theoretically, medications which interfere with fracture healing, such as 
corticosteroids, diphosphonates, indomethacin and methotrexate, can be 
expected to have an inhibitory effect on bone ingrowth. From animal 
experiments it was suggested that the clinical use of disodium etidronate for 
treating heterotopic ossification, could compromise bony ingrowth of 
uncemented implants, while osteopenia induced by systemic corticosteroids 
yielded no differences in bone growth compared to control groups (28). However, 
Judet et al. (45) found a higher incidence of total hip component loosening in 
rheumatoid arthritic patients, in particular those who were treated with 
cortisone. 
The term 'osseointegration' was introduced in 1977 by Bränemark et al., 
indicating the ideology of direct contact between living bone and implants 
without intervening soft-tissue layers (12). However, it is difficult to define the 
minimal surface area of an implant required for direct contact with bone to 
justify the term Osseointegration'. So far, complete bony ingrowth has been 
evidenced only in the field of dental surgery (2). Several histologic studies of 
uncemented hip implants in humans (10, 22) and in animals (6, 34, 70) have 
revealed that the actual amount of bone that grows in, even under optimal 
conditions, is small. It is as yet questionable whether total ingrowth at the bone-
implant interface is necessary for clinically stable fixation (34). In some clinical 
reports, uncemented implants were invariably shown to be predominantly 
encapsulated by fibrous tissue (26, 48, 51). The presence of such a soft-tissue 
reaction, even if it concerns an implant of presumably excellent 
biocompatibility, may be related to the surgical trauma, to loading patterns (2) or 
to motion-induced bone resorption (67). However, one should realize that the 
development of a fibrous layer might as well represent a general response, as 
would occur to any foreign body implanted. From their animal experiments, 
Laing et al. (49) suggested that the thickness of the encapsulating fibrous 
membrane is inversely related to the degree of tissue acceptance of the implanted 
material. Some authors consider the formation of fibrous tissue or 
fibrocartilage at the interface as beneficial in terms of distributing stresses (48, 
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82). Others disagree with this theory, believing that fibrous tissue formation is 
more likely a precursory mechanism to prosthetic loosening (20, 34). 
II.2.2 Implant material and design 
Ceramics (50) and non-alloyed titanium (2) were associated with the most 
natural bone-tissue reactions of the biomaterials tested so far. It should be noted 
that the issue of biocompatibility is complex, since it concerns, besides inertness, 
the specific surface area of the implant, which may trigger untoward biological 
reactions itself, as well as corrosion or degradation susceptibility of the implant 
material (20). Due to the relatively aggressive nature of the body fluid 
environment, metallic ion accumulation may occur, with potentially harmful 
chronic biologic effects (69). For instance, corrosion studies in rats (65) have 
shown that stainless steel is not an ideal biomaterial in this respect. 
The selection of a material with suitable mechanical properties and a good 
prosthetic design, which allows the preservation of a certain amount of viable 
cancellous bone, is also crucial for the initial stability and for long-term fixation 
of the implant to the bone (39,62). Load should be transmitted in the most 
physiologic manner possible, thereby avoiding tensile and shear stresses. These 
requirements resulted in many different prosthetic designs, the descriptions and 
first clinical results of which were recently compiled by Morscher (62). If bony 
ingrowth is limited to a certain part of the bone-implant interface, a change in 
elastic properties of the composite occurs. The resulting pattern of stress-
transfer may differ greatly from the physiologic situation, eventually yielding 
bone resorption or formation (6). Several investigators advocated that a femoral 
prosthetic stem should be rigidly fixed within the diaphysis, to achieve adequate 
fixation through proximal ingrowth of cancellous bone (22,88). Conversely, 
others pursue the prevention of distal stem fixation, which, in their opinion, 
would cause proximal stress protection and bone resorption (41,64). The latter 
theory was endorsed by Chen et al. (17), who performed porous-coated hip 
arthroplasties in dogs. They found a condensation of the metaphyseal cancellous 
bone, which they attributed to successful proximal stress transfer. There is still 
considerable debate whether a prosthetic collar enhances a more physiological 
stress distribution, or whether it gives rise to local stress protection and calcar 
resorption (80). 
The prosthetic stem configuration, and particularly its diameter, is not only 
important with respect to initial implant stability, but also to the likelihood of 
bone ingrowth. It was shown in dogs that gaps between unloaded porous-coated 
implants and bone, measuring approximately two millimeters in width, were still 
bridged by spongy bone. Although a similar osteogenic response was found onto 
smooth implant surfaces, these were always bordered by a fibrous membrane (6, 
29, 41). 
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/ƒ.2.3 Implant surface 
The intramedullary fixation of cementless prostheses can be improved by bony 
ingrowth into pores or indentations of the implant surface, which enlarge the 
contact surface between implant and bone. Based on this, three main principles 
of fixation can be discerned: 
a. Fixation by bone ongrowth on prosthetic surface undulations, grooves or 
roughnesses (macroprofiles). So far, this technique has known the highest rate 
of application in humans, such as the implants used by Judet (45), Lord (51), 
Mittelmeier (57), Morscher (63) and Ring (74). 
These authors stressed their high rates of success, but as yet the failure rate 
reaches up to 15% after ten years in virtually all designs, which is higher than 
those reported for cemented arthroplasties (31). 
b. Fixation by using bioreactive materials, such as calcium phosphate ceramics, 
bioglasses and in particular hydroxyapatites (4,20,30,42,50). However, 
hydroxyapatite is brittle, and problems with long-term fixation of sintered 
hydroxyapatite coatings to metal implants, have been reported (2,35). Plasma-
sprayed apatite coatings on titanium substrates may overcome these problems 
(30). 
с Fixation by bony ingrowth into porous surface coatings, as employed for 
example by Galante (26), Homsy (37), Ducheyne (20) and Pilliar et al. (66). 
Porous coatings are only at the verge of full-scale human application (20,22), 
but numerous experimental studies in animal models (5,17,26,34) have 
revealed many important aspects of this fixation technique. A large variety of 
materials was produced for experimental bone ingrowth studies, either in 
fully porous form or as a porous coating of several substrates (20). These 
include porous metals, ceramics, polymers and carbon. Comprehensive 
reviews of the literature on bone ingrowth into porous materials were compiled 
by Williams (85). Klawitter and Hulbert (47) were the first to use porous 
ceramics (A120 ) for bone ingrowth experiments. They particularly showed 
that the pore size and the size of pore interconnections have an important 
effect on the type of tissue observed in porous material. 
Ingrowth and mineralization of bone in test animals occurred, when pore sizes 
above 50 microns and a 100 microns interconnection size were used. 
Difficulties with the ceramic materials, particularly their intrinsic brittleness, 
have limited the use of these materials in porous forms. Polymers have a 
longer history as implant materials than ceramics. Homsy and co-workers (37) 
developed a soft carbon-polytetrafluoroethylene (Proplast) coating. This 
material exhibits porosities between 70 and 90 percent, a pore size range of 100 
to 500 microns, and pore interconnections with diameters above 20 microns. 
The system is dependent solely on fibrous-tissue ingrowth, since bone does 
not grow into this coating consistently (79). Recent reports on the application 
of this technique in human hip arthroplasties (14,79), yielded a high failure-
rate (50 and 36%, respectively after an average of three years), to the opinion 
of the authors mainly due to deficiencies in the prosthetic design and 
inadequate surgical techniques. In comparison with polymeric coatings, 
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metal coatings are characterized by superior bonding to a metal substrate (20). 
Galante and co-workers developed a sintered titanium fibre composite (26), 
and Ducheyne used stainless steel and titanium fibres (20), to obtain porous 
metal structures. The interfacial strength obtained after bone ingrowth attains 
the range of strength values of trabecular bone, and can even be enhanced by 
subjecting the implants to weightbearing stresses (28). To date, Galante uses a 
titanium femoral component with a sintered titanium wire porous surface 
only in the proximal region (27). The implant has a medial collar to increase 
stress transfer to the calcar of the femur. Pilliar and co-workers developed a 
cobalt alloy powder-made porous surface that is sintered to a cobalt alloy 
substrate implant (69). The optimum pore size,as indicated by animal studies, 
varies from 50 to 400 microns (5). Various experimental animal models have 
repeatedly demonstrated that rigid biologic fixation of intramedullary 
implants with a porous surface will produce dramatic decreases in stress-
transfer to surrounding segments of cortical bone (7,34,56,68). These so-
called 'stress-shielding' phenomena in turn may produce excessive bone 
resorption in the non-stressed bone segments, which is not likely to occur 
when the implant diameter is small relative to the size of the femur (9). 
However, successful bony ingrowth of porous implants can only be expected 
when the primary stability of the implant has been obtained by snug-fit 
implantation, so that minimal implant movement relative to the adjacent 
bone occurs (69). Based on computer-simulation methods, Huiskes et al. 
recently reported that 'stress-shielding' is probably a transient phenomenon, 
provided that the prosthetic stem is not too rigid (40). The first clinical reports 
on total hip replacement using powder-made porous surfaces indicated 
excellent results at two years (22). 
Disuse osteoporosis was indeed found in histologic sections of post-mortem 
specimens, in particular when large stem diameters were used. The risk of 
stress-shielding can probably be reduced by using partially coated prosthetic 
stems (8, 69). 
It should be noted that most data about porous coated implants are derived 
from animal experiments, while human experience with these prostheses is still in 
its infancy. Of course, it is important to know that pores should have a sufficient 
size to allow bone to grow in. However, studies on this issue have clearly pointed 
out that the biocompatibility of the prosthetic material itself,and initial implant 
stability,play decisive roles in the amount of bone-tissue ingrowth (20,47). In this 
respect, the effect of porous coatings on crack initiation characteristics and on 
the material properties (especially fatigue resistance), should also be considered. 
Metal implants with porous surfaces of any type can be expected to have poor 
corrosion characteristics (69) because of: 
1. their higher surface area, yielding the likelihood of larger amounts of 
corrosion products. 
2. crevice-like regions within the surface layer. 
However, the enhanced fixation which may result from bony ingrowth could 
well reduce the risk of implant degradation (69). 
An interesting finding in various mechanical tests of metallic porous coatings 
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(20) was, that fractures most often occurred in the bone adjacent to the porous 
structure but not in the porous surface itself. This certainly raises doubts about 
the use of thick porous coatings. 
II.2.4 Loading ofmcemented implants 
It is well accepted that the surgical procedure for the insertion of any 
intramedullary implant induces remodelling activity in the surrounding tissue 
(72). The effect of early weightbearing on the subsequent tissue differentiation 
has been discussed by many investigators (1,17,20,32,68). They unequivocally 
agreed that the need for absolute prosthetic stability following implantation is 
paramount in the early stages. Without this, it is likely that fibrous tissue 
formation occurs, possibly impeding ultimate bone tissue ingrowth into the 
prosthetic irregularities (15,32). It seems obvious that sizable differences 
between the elastic moduli of the implant and bone will cause relative 
movements at the interface (37). Galante (28) pointed out that this type of 
movement should be discerned from the deformation that occurs at the interface 
as the implant is loaded, giving support to the system. 
Albrektsson et al. (1) advocated that weightbearing should not be allowed until 
dead endosteal bone is replaced by living bone, estimating the appropriate 
healing time in man to be 3-4 months. Pilliar et al. (69) argued that bone 
ingrowth into the porous coatings necessitates a postoperative rehabilitative 
program that results in minimal stressing, at least for an initial three weeks 
period. In their view, immediate load bearing will definitely result in fibrous 
tissue formation at the interface. Excessive implant movement as a possible 
result of early weightbearing has been demonstrated to inhibit bone formation 
within porous structured devices (19). 
On the other hand, it is well known from fracture healing, that certain loads are 
beneficial in terms of inducing new bone formation. Chen et al. (17) concluded 
from their animal experiments that bone ingrowth can indeed be promoted by 
weightbearing conditions, while non-weightbearing for extended periods proved 
to be deleterious to bone ingrowth. The direction of load and the magnitude of 
subsequent bone deformations are decisive factors in tissue differentiation. 
These data altogether illustrate, that the process of bony ingrowth of 
uncemented implants is multifaceted (38). It needs no argument that, apart from 
the necessity of bone viability and the use of adequate prosthetic designs, 
patients weight and activity level play a crucial role in clinical success. 
II.3 COMPLICATIONS 
II.3.1 Intraoperative fractures 
Since a tight fit of uncemented implants into the bone is mandatory, the surgical 
technique is demanding and often hazardous. Consequently, many authors 
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reported a much higher incidence of intraoperative fractures, in particular 
concerning the greater trochanter and the femoral shaft, as compared with 
cemented arthroplasties (43,61,77). Lord and Bancel (53) pointed out that 
greater trochanter avulsions are primarily related to inadequate bone resection. 
Most of the femoral shaft fractures in their series occurred during revisions of 
loosened cemented implants. Some implant designs, such as the conventional 
acetabular component used by Judet et al. (45), yield a high incidence of 
acetabular fractures. 
11.3.2 Operation time, blood loss, haematomas 
In spite of a vast number of reports on follow-up studies of uncemented 
implants, little is published about intraoperative complications other than 
fractures. Although it is often argued that cemented arthroplasties take more 
time, because of the necessity to wait for curing of the acrylic cement, the 
meticulous surgery for uncemented fixation can hardly be expected to be less 
time-consuming. This is illustrated by a recent report from Sweden (43), 
concerning the first results of Judet design non-cemented hip arthroplasties. 
Although some revision procedures were included, the mean operation time was 
130 (70-270) minutes, and the mean blood loss was 1900 (550-6500!) milliliters. 
Virtually the same operation time was reported from one hundred cemented 
total hip arthroplasties by Salvati (76), averaging 141 (77-270) minutes. However, 
the calculated blood loss was obviously less than in the previous report, 
averaging 1316 (400-2600) milliliters. Cement tightly occludes the acetabular and 
femoral bone cavity, which prevents continuous bleeding from the implant bed. 
Although such a tamponade is certainly not invariably obtained in all 
uncemented arthroplasties, excessive postoperative bleeding has not been 
reported as a frequent complication so far. 
11.3.3 Postoperative pain 
Long-lasting pain, particularly in the mid-thigh region, is a frequently reported 
complication of uncemented hip arthroplasties. The duration of these 
complaints may vary from a few weeks to about 18 months, but in most cases the 
pain eventually disappears (51). A variety of causes of mid-thigh pain has been 
suggested, such as stress concentrations (73), hyperpressure caused by a 
difference in elastic moduli between implant and bone (51), or varus tilt of the 
femoral component with subsequent cortical hypertrophy near the stem tip 
(3,21,53). Mid-thigh pain may also be associated with poor prosthetic fit (21), or 
with micromovements at the bone-implant interface (40). 
11.3.4 Heterotopic bone formation 
Although some authors reported a higher incidence of periarticular ossification 
(53), the general incidence of this complication varies from 3 to 4 percent, which 
corresponds roughly to the incidence recorded after cemented arthroplasties. 
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II. 3.5 Wear products and carcinogenity 
It is well known that certain prosthetic materials may produce wear debris due to 
friction (84). The reactive formation of aggressive granulation tissue and 
subsequent bone resorption as reported in cemented arthroplasties (83), may 
also occur due to corrosion and degradation of uncemented implants (53,84). 
Woodman et al. (87) showed that even though titanium is regarded as an inert 
metal, it has the potential of in vitro inhibition of several enzymes. Furthermore, 
when injected intramuscularly in test animals, titanium was shown to be 
associated with fibrosarcomas at the injection side. 
Π.3.6 Removal of uncemented implants 
Several authors have already indicated that the removal of bony ingrown 
components, for instance when infection occurs, may be extremely difficult, if 
not impossible (13,20,28,33,51). It may be necessary to saw a large window in the 
femoral diaphysis in order to remove a well-anchored endoprosthesis while, in 
some instances, a large gutter has to be made in the cortex (51). 
When a porous-coated femoral prosthesis needs to be removed, it may occur that 
the metal substrate is extracted, leaving the coating in the medullary canal (20). 
The tendency to confine porous coatings to the proximal part of the implants, 
may prove beneficai when it comes to the necessity of removal (28). 
II.4 INDICATIONS FOR UNCEMENTED FIXATION 
There is general agreement about the principal indications for uncemented 
arthroplasty: young, more active patients, with strong and healthy bone, which is 
likely to withstand full weightbearing, their upper age limit being about 60 to 65 
years (21,29,69,74), and revision surgery. Lord stated that his madreporique 
implant is suitable for any patient, as long as the bone stock is sufficiently good 
(53). Recently, Morscher (64) advocated the use of a cement-fixed femoral 
component and a cementless acetabular cup in patients older than 60 years 
(hybrid fixation) under normal circumstances, while completely uncemented 
arthroplasties remain indicated in younger patients. A progressive tendency 
exists, to replace loosened implants by cementless arthroplasties. The first 
clinical results of such procedures seem to be most promising (52,53,62,74). It 
cannot be denied that a smooth bone surface, which is often found when a 
loosened cemented implant is extracted, is less suitable for Fixation than in 
primary surgery, when cancellous bone is sufficiently available. 
There is no doubt that cemented implantation of arthroplasties at revision 
surgery yields inferior clinical results, compared to primary cemented hip 
replacements (66). Morscher summarized the advantages of cementless revision 
arthroplasty (62): 
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a. No additional damage, due to the adverse effects of cement, occurs to the 
residual bone stock. 
b. Uncemented implantation yields excellent possibilities for reconstruction of a 
'bony sheath' around the prosthesis. The author advocates the use of 
allogeneic bone grafts for acetabular, and autologous grafts for femoral bony 
defects. 
с The bony integration of uncemented implants, together with bone grafts, 
occurs surprisingly rapidly. 
d. In younger patients, a 'third line of defense' is created, which leaves the 
possibility for a second revision at a later date. 
11.5 CONCLUSION 
Our literature review certainly indicates many advantages of uncemented 
implantation, but also many difficulties, complications and unsolved problems. 
Clinical results largely depend on the experience of the surgeon, but this also 
holds for cemented fixation. If, for any reason, accurate bone cuts cannot be 
achieved, PMMA must be considered as a valuable alternative fixation agent 
(24). The real indicator of the effectiveness of uncemented arthroplasties as 
compared with cemented implants, awaits further trial with large patient 
populations and long follow-up periods. 
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CHAPTER III 
Animal model in a study of cemented and 
uncemented hip arthroplasty - functional results 
An experimental study in goats 
III. 1 INTRODUCTION 
In orthopaedic surgery, total hip replacement has become the most widely 
accepted procedure for the treatment of disabling hip arthritis. Ever since Sir 
John Charnley introduced acrylic cement for implant fixation in 1960, total hip 
arthroplasty has progressed to a highly successful procedure (1). 
The success rates vary between 80 and 95% at ten years postoperatively, 
depending upon type of implant and surgical technique. As reported in many 
follow-up studies, mechanical loosening of the prosthetic components has 
always been the most common and distressing complication of hip arthroplasty 
(2-6). 
Because the interface between implant and bone represents the key region for 
implant loosening, a great deal of research has been centered on the 
improvement of primary fixation of joint prostheses to bone. This resulted in 
advanced cementing techniques and improvements of prosthetic materials and 
designs (7). New interest also emerged in concepts of fixation without acrylic 
cement, based on bone-tissue interlocking with porous surfaces or structured 
prostheses. 
Little is known about the sequential biological reactions which take place in the 
bone and other surrounding tissues after implantation of a joint prosthesis. The 
histocompatibility of joint implants under load can be investigated in animal 
experimentation, yielding important ¡information on the implant-tissue 
interactions (8-10). Of course, the clinical extrapolation of these studies to the 
human situation is always limited to some degree, due to a general or specific lack 
of similarity between the test animals and humans. 
Harms and associates defined certain anatomical differences between the 
human hip joint and various species of test animals (9). Diehl and Harms 
performed a comparative analysis of forces in the human proximal femur and 
the femur of four-footed test animals (8). They concluded that differences in gait 
patterns result in a different pattern of bone remodelling following the 
implantation of endoprostheses. 
Submitted for publication, The Veterinary Quarterly (1987). 
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Bergmann and associates quantified the differences in hip joint forces in walking 
of sheep, dogs and humans (11). It should be borne in mind, however, that 
stresses in the implant-bone composite are not only determined by the direction 
and magnitude of the load on the prosthesis, but also by implant design, 
materials and fixation techniques (12). 
In any case, fundamental aspects of bone remodelling processes in man are not 
different from those in test animals such as rabbits, dogs or goats (10). This has 
also been found in several research projects which were initiated in the 
Laboratory for Experimental Orthopaedics in collaboration with the Central 
Animal Laboratory of the Medical Faculty of the University of Nijmegen 
(13-16). As a sequel to this earlier work, an animal model was developed to 
improve our understanding of bone reactions and ingrowth mechanisms during 
the first weeks after the respective implantation of cemented and uncemented 
femoral endoprostheses. In this paper, the development of the animal model is 
discussed, emphasizing the operative procedure and the documentation of 
postoperative weightbearing. 
III.2 MATERIAL AND METHODS 
III.2.1 Test animals 
The female African pygmy goat was used for the present study, in particular 
because it is a strong test animal, and easy to obtain. Favourable experiences with 
care and housing of these animals were gained with previous experiments (15,17). 
Fully grown animals were selected, with a mean weight of 20.4 ± 3.5 kg. The 
cemented prosthesis was implanted in 24, the uncemented one in 22 test animals. 
Preoperative roentgenograms were made of all animals under general 
anaesthesia with pentobarbital sodium, to determine skeletal maturity and to 
enable preoperative planning of the hip replacement procedure. A.P.-views were 
taken in supine position with the hindlegs flexed and slightly abducted, and 
lateral projections were made with the hindlegs in full extension. The 
roentgenapparatus used was a Philips Super Praxis Z67K, 60 kV/30mA, 1 sec, 
distance 60 cm. 
III.2.2 Prosthetic design 
Both the cemented and the uncemented prostheses were fabricated by Robert 
Mathys Co. (Bettlach, Switzerland), the former out of CoCr-alloy, and the latter 
out of polyacetal (Figs. 1 and 2). 
Since the acetabular diameter of the test animals varied from 18 to 20 
millimeters, the head diameter of the cemented prosthesis was 20 mm, while the 
uncemented polyacetal prosthesis was supplied with an adjustable CoCr-head 
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Fig.III.1: Designs of cemented (a) and cementless (b) prostheses. 
Fig.III.2: Cemented (a) and uncemented (b) types of prostheses. 
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with a diameter of 18 mm. Sulfix-6 was used to fixate the cemented prosthesis. It 
is a relatively low-viscosity acrylic cement with a long liquid phase, enabling 
utilization of a small cement-syringe (Fig. 3). The mechanical properties and 
side-effects are not significantly different from other cements (18). 
The polyacetal stem of the uncemented prosthesis was cut and ground with 
powertools during the operation in correspondence with the geometry of the 
medullary canal of every individual femur. For this process, a silastic mould of 
the medullary canal was made and used as a guideline model. 
III.2.3 Operative technique 
It was decided to operate upon the right hip in all animals, and to use the left hip 
as a control. In all goats, the anatomy of the hip joint appeared to be convenient 
for the implantation of the preoperatively planned prosthesis. 
The operative prodecure and preparation technique of the proximal femur were 
fully standardized up to the moment of insertion of the cemented or the 
uncemented prostheses. All animals were fasted during 24 hours preceding the 
operation. They were given 500 mg ampicillin subcutaneously a half hour 
preoperatively for antimicrobial prophylaxis. Anaesthesia was induced by 
intravenous administration of 0.5 mg atropine and 30 mg pentobarbital sodium 
per kg bodyweight via a jugular vein. A cuffed endotracheal tube was inserted 
and anaesthesia was maintained with a mixture of nitrous oxyde, oxygen and 
ethrane in a closed system (Engström ventilator). The animals were positioned 
on their left side. 
Aseptic precautions were taken similar to any surgical intervention. The right hip 
region was amply shaved, and the hairs of the hindlegs were circumferentially 
trimmed up to the level of the knee. The skin was then washed with povidone 
iodine soap, degreased with alcohol and desinfected with a 2% iodine solution. 
After draping, with the limb packed in sterile cloth distally from the knee, a skin 
incision was made running from halfway up the femur to the greater trochanter, 
and from there with a cranial curve in the direction of the tuber coxae. Next, the 
fascia lata was incised in the same curved manner, and the angled fascial flap was 
bridled cranially. The mm. gluteus profundus and iliacus were dissected from the 
greater trochanter and bridled. The capsule of the hip joint was opened by means 
of a T-shaped incision and subsequently bridled. The femoral head was 
dislocated, severing the ligamentum teres. After an oblique osteotomy of the 
femoral neck with the oscillating mini-saw, the medullary canal was carefully 
prepared by suctioning and reaming, followed by insertion of a plastic plug (Fig. 
4). Next, a meticulous lavage was performed with 30oC saline using disposable 
syringes, and subsequently the medullary canal was dried with swabs. Up to this 
particular moment, the operative procedures were similar. The cemented and 
uncemented implantations were then continued in the following manner. 
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Fig.IIl.3: Cement syringe. 
Fig.III.4: Femoral plug. 
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III.2.4 Cemented prosthesis 
The Sulfix-6 cement was mixed and poured into the cement-syringe. A 
programmed mixing and handling time schedule was used, according to the 
manufacturer's instructions. When the viscosity of the cement increased after 
about 4 minutes, lavage and subsequent drying of the bone bed were performed 
once again. Next, the acrylic cement was directly injected into the proximal 
femur in a retrograde fashion and kept under pressure by occluding the femoral 
canal. Six minutes after mixing, the cement had the proper viscosity for insertion 
of the metal prosthesis. Leakage of the cement during insertion was prevented by 
occlusion of the medullary canal with the thumb. After the cement had cured, 
the hip was reduced and the hip-joint capsule was closed with tiny, interrupted 
vicryl sutures. The mm. gluteus profundus and iliacus were reinserted to the 
greater trochanter with strong vicryl sutures. Fascia and skin were closed in layers 
with interrupted vicryl sutures. The wound was once more desinfected with a 2% 
iodine solution and finally covered with Nobecutane® wound spray. The total 
duration of the cemented arthroplasty varied from 65 to 90 minutes. 
III.2.5 Uncementedprosthesis 
After cleaning, drying and plugging of the medullary canal, as previously 
described, a mixture of Elastomer and Xantopren was injected by means of a 50 
cc disposable syringe. This substance, obtained from the dental department, 
snap-cured into a non-toxic rubber-like material which enabled the 
manufacturing of a precise print of the femoral canal. The mixture cured within 
2 to 3 minutes without generation of heat. Next, the rubber mould thus obtained 
and the plastic femoral plug, were carefully removed from the femoral canal. The 
polyacetal prosthetic stem was subsequently cut and ground in visual 
correspondence with the rubber mould. In this way, the shape of the prosthetic 
stem approximated the geometry of the medullary canal with reasonable 
accuracy. The plastic prosthesis was then inserted 'press-fit' into the proximal 
femur, and a metal head was tightly adjusted to its neck. 
Subsequently, the hip was reduced, and closure of the hip-joint capsule and the 
wound were performed in the same way as was described for the cemented 
prosthesis. The total duration of the uncemented arthroplasty varied from 80 to 
125 minutes. The primary fixations of both the cemented and the uncemented 
prostheses as obtained at the operation, were classified according to a grading 
system varying from 'very stable' to 'completely loose' (Table I-a and b). 
III.3 POSTOPERATIVE TREATMENT AND FOLLOW-UP 
With the animal still anesthetized, roentgenograms were taken in 
anteroposterior and lateral projections in the same way as previously described 
(Fig. 5). Thus, the position of the implant was judged and the bone was 
investigated for possible fractures. 
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Fig.III.5: A.P.-view of a cemented prosthesis. 
Fig.III.6: Hammock for postoperative treatment. 
Table I-a 
Cemented prosthesis 
Follow-up Goat 
in weeks no. 
Mean 
weight 
Prosthe-
tic fixa-
tion at 
operation 
Grading of weight-
bearing in each post-
operative week 
1 2 3 4 5 6 
Prosthetic Comph-
fixation at cations 
sacrifice 
64GR 26 
57GR 25 
TF 
10GR 19 
56GR 28 
70GR 26 
69GR 28 
SL/D 
14GR 18 
71GR 26 
89GR 24 TF 
52GR 26 
7LG 22 
73GR 21 
86GR 25 
2 3 3 3 
3 4 4 4 
2 2 3 3 
2 3 3 3 
54GR 28 
58GR 27 
59GR 28 
91GR 23 
2 3 3 4 4 
3 3 4 4 4 
2 2 3 4 4 
2 3 4 4 4 
SL 
TF 
63GR 22 
76GR 28 
88GR 27 
3 4 4 4 4 4 3 
3 3 4 4 4 4 3 
2 3 4 4 4 4 3 
39GR 25 
46GR 26 
2 4 4 4 4 4 3 
2 3 4 4 4 4 3 CF/SF 
4mths. 
6 mths. 
41GR 28 
55GR 28 
2 4 4 4 4 4 3 
2 4 4 4 4 4 1 
24 animals 
Postoperative follow-up on weightbeanng, and evaluation of prosthetic fixation during operation 
and at sacrifice. 
Grading of weightbeanng postoperatively 
0 = not used at all 
1 = supported incidentally 
2 = loaded in standing position and incidentally while walking 
3 = loaded in standing position and walking, but with a limp 
4 = normal walking and standing 
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Table I-b 
Uncemented prosthesis 
Follow-up Goat Mean 
in weeks no. weight 
in kg. 
Prosthe-
tic fixa-
tion at 
operation 
Grading of weight-
bearing in each post-
operative week 
Prosthetic Compli-
fixation at cations 
sacrifice 
1 
1 
1 
2 
2 
2 
2 
2 
3 
3 
3 
4 
4 
5 
5 
5 
6 
6 
6 
. 
4 mths. 
6mths. 
61GR 
74GR 
27BL 
16GR 
83GR 
92GR 
36BL 
90GR 
23BL 
78GR 
68GR 
85GR 
82GR 
8BL 
72GR 
77GR 
6GR 
9GR 
98GR 
66GR 
87GR 
100GR 
24 
22 
20 
23 
27 
21 
23 
22 
24 
22 
24 
26 
25 
24 
22 
22 
23 
22 
22 
20 
21 
22 
3 
3 
1 
3 
2 
3 
3 
3 
2 
3 
3 
3 
2 
3 
3 
3 
3 
3 
2 
3 
2 
3 
3 
2 
1 
1 
3 
2 
2 
2 
2 
2 
2 
2 
2 
1 
1 
2 
1 
2 
2 
1 
1 
1 
1 
3 
3 
3 
2 
3 
3 
2 
3 
2 
2 
4 
2 
2 
3 
2 
2 
2 
2 
3 
3 
3 
4 
3 
3 
4 
3 
3 
3 
4 
3 
4 
4 
4 
4 
4 
3 
4 
4 
4 
4 
4 
4 
4 
4 
3 
3 
0 
3 
1 
2 
3 
3 
3 
3 
2 
3 
1 
1 
2 
3 
3 
3 
3 
_ 
3 
1 
CF 
D 
CF 
SF 
CF 
SF 
CF/SF 
CF 
CF/SF 
22 animals 
Grading of fixation of the prosthesis during operation and at sacrifice: 
0 = completely loose and extractable without any force 
1 = slightly movable 
2 = stable, but extractable with minimal force 
3 = very stable, not extractable by manual force 
TF = trochanteric fracture 
CF = fracture of the calcar 
SF = fracture of femoral shaft 
SL = subluxation of the hip 
D = dropfoot 
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During a pilot study, dislocation of the hip occurred in several animals when they 
tried to walk as soon as the anesthesia was terminated. It was then decided to 
immobilize the goats during the first three postoperative days, in a special 
hammock with four holes so that the legs could touch the floor (Fig. 6). No 
dislocations of the operated hips occurred thereafter. After three days they were 
transferred to a commodious pen, in which weightbearing was started. The 
weightbearing pattern was documented at weekly intervals, each time by the 
same observer, with the use of a schedule as indicated in Table II. 
From the fourth postoperative day, the animals were injected with 
fluorochromes daily, changing the dye at weekly intervals until sacrifice. Newly 
formed mineralized bone was labeled by these fluorochromes with different 
colours, thus enabling a study of new bone formation in the course of time. The 
weight of every goat was also measured at weekly intervals, to determine the 
precise dosage of the fluorochromes to be administered. 
Table II: Grading of postoperative weightbearing 
0 = not used at all 
1 = supported incidentally 
2 = loaded in standing position and incidentally while walking 
3 = loaded in standing position and walking, but with a limp 
4 = normal walking and standing 
Щ.4 SACRIFICE 
Sacrifice took place at weekly intervals, between one and six weeks 
postoperatively. Two animals with cemented implants were killed after 7 and 8 
weeks respectively and used for the pilot study, and four animals were kept alive 
for a few months in order to study the longer-term results of both the cemented 
and uncemented prostheses. At sacrifice, perfusion techniques were used for 
microangiography and tissue fixation. Both femurs were harvested to be 
processed for further histologic examination. The quality of fixation of the 
prostheses in the femurs was classified in the same way as during surgery (table 
I). 
III.5 COMPLICATIONS 
Superficial or deep infections did not occur. A subluxation of the uncemented 
prosthesis was found twice at sacrifice. In one of these cases, the animal had 
walked with a dropfoot as a result of sciatic nerve neuropraxia. Such 
complications were not encountered in the cemented group. In the cemented 
group, three animals showed a healed fracture of the greater trochanter at 
sacrifice. Their weightbearing pattern, however, had not indicated this 
complication. One animal with a cemented prosthesis jumped out of her cage 
three days postoperatively, suffering fractures of the femoral shaft. The 
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weightbearing pattern of this goat was not different from the other animals in the 
cemented group (Table I-a). 
In the uncemented group, fracture complications were confined to fractures of 
the calcar region and small cracks of the proximal femoral metaphysis. The 
majority of these fractures had been noticed already during the insertion of the 
plastic prosthesis. Nevertheless, the occurrence of these small fractures or hair 
cracks did not result in a marked reduced ability to bear weight on the operated 
leg as compared to the walking pattern of the other animals in this group (Table 
I-b). 
Tables I-a and b show a complete overview of the goats used, findings at 
operation, and postoperative weightbearing. The latter results were categorized 
as to postoperative period versus grading, as shown in Table III and Fig. 7. 
Table HI 
Percentage of goats with gradings, 1 to 4 respectively, in each subsequent 
postoperative week. 
Cemented prosthesis 
n = 24 
Weeks 1 
Grading 
1 
2 
3 
4 
4,2% 
54,2% 
41,6% 
0% 
Uncemented prosthesis 
Weeks 
Grading 
1 
2 
3 
4 
n = 22 
1 
31,9% 
54,5% 
13,6% 
0% 
n = 22 
2 
0% 
13,6% 
50,0% 
36,4% 
n=19 
2 
5,3% 
52,6% 
36,8% 
5,3% 
n=18 
3 
0% 
0% 
27,8% 
72,2% 
η = 14 
3 
0% 
14,3% 
71,4% 
14,3% 
n = 1 5 
4 
0% 
0% 
20% 
80% 
n = l l 
4 
0% 
0% 
72,7% 
27,2% 
n = ll 
5 
0% 
0% 
0% 
100% 
n = 9 
5 
0% 
0% 
22,2% 
77,8% 
n = 7 
6 
0% 
0% 
0% 
100% 
n = 6 
6 
0% 
0% 
0% 
100% 
III.6FUNCTIONAL RESULTS 
Without any exception, all animals with a follow-up of six weeks showed a 
normal walking and standing pattern (grade 4) prior to sacrifice. 
However, a difference in gradings between the two groups was noticed in the early 
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Pattern of Weightbearing 
Cemented Hips 
! • Grading 4 
d ì Grading 3 
Ш І Grading 2 
• Goading 1 
Weeks 
Pattern of Weightbearing 
Non-Cemented Hips 
• I Grading 4 
E S Grading 3 
H Gnading 2 
¡ZJ Grading 1 
Weeks 
Fig.III.7: Patterns of weightbearing in the cemented (a) and non-cemented (b) groups. The 
grading scale is explained in Table I. 
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postoperative period. While the majority of test animals with a cemented 
prosthesis was already graded as 4 in the third postoperative week (72,2%), a 
comparable number (77,8%) of goats in the uncemented group was not graded 
as such until the fifth week after surgery (Table III, Fig. 7) 
In the cemented group, all prostheses were classified as being 'very stable' at the 
the time of operation as well as at sacrifice (fixation grade 3, Table I-a). In the 
uncemented group, one prosthesis could not be stabilized at operation At 
sacrifice, this prosthesis was loose and extractable without any force. In four 
goats the prosthesis was found to be 'slightly movable' at sacrifice (fixation grade 
1), while in another four animals, fixation grade 2 was scored (stable, but 
extractable with minimal force). However, the postoperative weightbeanng 
patterns of these animals demonstrated no differences compared to the scores of 
the animals in which the uncemented prosthesis was graded as 'very stable' at 
sacrifice (fixation grade 3, Table I-b). It was concluded, that (micro)movements 
of the uncemented implants relative to bone die' not necessarily interfere with 
normal walking and standing patterns. 
As described previously, the occurrence of fractures in both groups did not result 
in marked changes in the postoperative weightbeanng pattern. Apparently, the 
period of time needed for restoration of the weightbeanng pattern to normal in 
all test animals with complicating fractures was not different from the duration 
of postoperative recovery in the other animals 
III.7 DISCUSSION 
Generally speaking, pain following a hip arthroplasty may be caused by the 
wound itself, by muscular cramps or by complications such as a hematoma, 
nerve tissue damage or early infection. In human hip surgery, heterotopic bone 
formation around the implant is also likely to cause pain and stiffness 
postoperatively From clinical experience it has become evident that a number 
of patients with uncemented hip implants complain about long-lasting 
postoperative pain, particularly in the mid-thigh region (19-22). Although these 
symptoms may be caused by micromovements of the implant under load, pain in 
some patients also occurs at rest In vivo strain gauge studies of the upper femur 
in living sheep have produced clear evidence that deformation of the prosthesis 
and the upper femur occur in different directions with each application of load, 
due to a difference in mechanical properties (23) Thus, even in apparently 
soundly fixed implants, each application of load will always produce 
mivromovements between the prosthesis and the bone However, as clinical 
results in humans have sufficiently shown, the majority of hip arthroplasties are 
painless postoperatively It is generally accepted that a progressive increase in the 
amplitude of micromovements will eventually lead to the development of 
unsustainable stresses at the bone-implant interface and mechanical failure of 
the arthroplasty. 
It remains speculative whether instability of a joint implant is directly related to 
pain and, if so, in what stage of progressive loosening pain would occur. The 
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evaluation of functional results in human hip surgery is often hampered by the 
general condition of the patient (previous surgery, additional diseases). In this 
respect, the test animals in our experiment offered excellent possibilities to 
evaluate the ability of weightbearing in the comparison of cemented and 
uncemented endoprostheses, since only healthy goats were used. Although their 
behaviour always yields certain indications, it is difficult to establish whether or 
not goats suffer pain. The present study revealed that the occurrence of fractures 
which are likely to cause pain, did not alter the weightbearing pattern of the 
animals in question compared to the walking ability of the other goats in their 
postoperative period. 
In spite of a progressive loss of stability of the uncemented prosthesis in several 
animals, their walking ability improved in the same gradual manner as occurred 
in the other goats with cementless prostheses. These findings do not support the 
theory that (micro) movements of the implants relative to bone invariably cause 
pain. Consequently, the decelerated restoration of function in the uncemented 
group cannot be exclusively attributed to pain. Perhaps, a prolonged disturbance 
of propriocepsis plays a role in this respect. 
III.8 SUMMARY 
The African pygmy goat was found to be a suitable animal for an experimental 
study of cemented and uncemented hip arthroplasty. 
Following a similar surgical approach in all animals, a cemented femoral 
prosthesis was inserted in 24, and an uncemented one in 22 goats. 
Immobilization in a special hammock during the first three postoperative days 
obviously prevented complicating dislocations of the operated hips to occur. The 
postoperative weightbearing pattern of each animal was graded and 
documented according to a protocol. Fractures of the bone and/or 
micromovements of the uncemented implants did not result in aberrant walking 
patterns. In this experiment, primary fixation of an endoprosthesis with acrylic 
cement appeared to be superior to uncemented fixation, which was expressed in 
the ability of early postoperative weightbearing. The exact pathogenesis of this 
difference still remains unclear. 
111.9 SAMENVATTING 
De Afrikaanse dwerggeit bleek een bruikbaar proefdier te zijn voor een 
experimentele studie met betrekking tot al dan niet gecementeerde 
heupprothesen. Met gebruikmaking van een gestandaardiseerde operatieve 
benadering in ieder proefdier, werd een gecementeerde femorale endoprothese 
geïmplanteerd in 24 geiten en een ongecementeerde in 22 geiten. Postoperatieve 
immobilisatie in een speciale hangmat gedurende 3 dagen voorkwam 
complicerende luxaties van de geopereerde heup. 
58 
Het postoperatieve looppatroon van elke geit werd volgens een protocol 
geregistreerd. Fracturen van het femur en/of (micro)bewegingen van de 
ongecementeerde prothese verstoorden het looppatroon van de desbetreffende 
dieren niet in vergelijking met dat van de overige geiten. In dit experiment bleek 
de primaire fixatie van de endoprothesen met acrylcement superieur te zijn aan 
ongecementeerde fixatie, hetgeen tot uitdrukking kwam in het vroege herstel van 
het postoperatieve looppatroon. De exacte reden voor dit verschil is niet 
duidelijk. 
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CHAPTER IV 
Vascular changes following cemented and 
uncemented hip arthroplasty 
Experiments in goats 
ABSTRACT 
We carried out comparative microangiography and fluorescence microscopy on 
two groups of six adult female African pygmy goats who received cemented or 
uncemented femoral endoprostheses in their right hip. One additional goat was 
used for in vivo angiography pre- and postoperatively. The blood supply to the 
proximal femur at a macroscopic level was not severed by the surgical procedure. 
The animals were killed at weekly intervals until the sixth postoperative week. 
Microangiography and fluorescence microscopy revealed that rapid 
revascularization of the metaphyseal trabecular bone in the vicinity of the 
implants already occurred from the first postoperative week in both groups. 
However, in general.the revascularization of the bone around the uncemented 
prostheses occurred more rapidly, resulting in earlier bone remodelling 
compared to the cemented group. Surprisingly, the apposition of periosteal bone 
lasted longer and was more intensive in the uncemented group, particularly at the 
metaphyseal level. We suggest that this phenomenon may be enhanced by 
mechanical stimuli. 
IV.l INTRODUCTION 
We developed an animal model in which the early features of cemented and 
uncemented fixation of a femoral endoprosthesis were compared histologically, 
radiographically and functionally. As a part of this study, this paper contains our 
observations on the postoperative vascular changes in the proximal femur, 
studied by means of in vivo angiography and by post-mortem microangiography. 
We also performed fluorescence microscopy in order to visualize newly formed 
bone (Milch et al. 1958). 
Accepted for publication in the Acta Orthopaedica Scandinavica (1988). By J. de 
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IV.2 MATERIAL AND METHODS 
Thirteen healthy skeletally mature female African pygmy goats were used. Their 
right hip joint was surgically exposed using a standardized technique (de Waal 
Malefijt et al., submitted). One animal was used for in vivo angiography pre- and 
postoperatively, with the objective to determine to which extent the operative 
procedure compromised afferent arteries supplying the proximal femur. A 5F 
Cobra-type catheter was inserted in this goat, locating the tip in the right external 
iliac artery. The catheter was flushed with heparin-saline. Subsequently, 25 mg 
Angiographin 65 was injected with a flow-rate of 12 ml per second. A series often 
images of the right hip was obtained (rate 2/sec). Radiological enlargement was 
used. TXvo days later, the animal was operated upon under general anaesthesia. 
The surgical approach to the right hip was performed up to the dislocation of the 
femoral head. The periosteum of the collum femoris was circumferentially 
incised, but no osteotomy was performed. The hip was reduced and the wound 
was closed in a routine fashion. Two days postoperatively, in vivo angiography 
was performed again in the same way as before, this time introducing the 
Seldinger catheter via the left carotid artery. There were no specific postoperative 
complications. 
In the remaining twelve animals, a femoral endoprosthesis was implanted in their 
right hip joint under general anaesthesia, using the routine surgical approach 
and an identical preparation technique of the medullary canal. After an 
osteotomy of the femoral neck, the medullary canal was carefully reamed and a 
plastic plug was inserted. Next, lavage and drying of the bone were performed. In 
six of the goats, a cemented CoCr-prosthesis was implanted into the proximal 
femur, using Sulfix-6 low-viscosity cement for fixation. Current cementing 
techniques were practised in a programmed mixing and handling time schedule. 
The other animals received an uncemented prosthesis. After preparation of the 
bone as in the cemented cases, a print of the femoral canal was manufactured by 
means of a two-component non-toxic silastic, supplied by the dental department 
(Xantopren/Elastomer). 
The snap-cured silastic mould thus obtained, served as a guideline model to cut 
and grind a polyacetal prosthetic stem in visual approximation with the 
geometry of the femoral canal. The plastic plug which had been inserted initially, 
was removed from the femur. A CoCr-head was adjusted to the neck of the 
plastic prosthesis, which was then inserted 'press fit' into the proximal femur? 
Postoperatively, the animals from both groups were kept in a special hammock to 
prevent them from loading the right hip. After three days they were transferred to 
a commodious pen to start weight-bearing. As preparation for histological 
assessment of the bone-implant interface, all animals received a subcutaneous 
injection of a fluorochrome label daily, changing the dye at weekly intervals. 
Four fluorochromes were administered in the following sequence and dosage: 
Oxytetracycline 15 mg/kg, calcein blue 30 mg/kg, alizarin complexon 30 mg/kg, 
* Both the cemented and uncemented prostheses were fabricated by Robert 
Mathys Co, Bettlach, Switzerland. 
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calcein 20 mg/kg and again Oxytetracycline 15 mg/kg. Thus, sequential labeling 
of newly formed bone was obtained. In both groups, microangiography was 
carried out when the animal was killed, which took place at weekly intervals up 
to six weeks postoperatively. The angiographic technique followed the procedure 
of Danckwardt-Lillieström (1969). Heparin 5000IU was injected intravenously 
into a nembutal anaesthetized animal, followed by an intravascular injection of 
30 mg papaverin to provide maximal dilatation of the vascular system. 
The peritoneum was opened and exsanguination was obtained by perfusion of 
saline through a catheter inserted distally in the abdominal aorta, regulating the 
infusion pressure at 120 mm Hg with an automatic system controlled by a 
mercury manometer. At the same time, the animal was bled from a cánula in the 
inferior vena cava. The animal was killed by an overdose of nembutal and 
perfusion was continued with 1 liter of 30per cent bariumsulphate (micropaque) 
in saline, followed by 1 liter of 15 per cent bariumsulphate in a 4 per cent buffered 
formol solution. Both femurs were harvested by careful exarticulation in the hip 
and the knee joint, leaving an ample muscular cover and the periosteum intact. 
The left femur served as a control. After fixation in the buffered formol solution 
for several days, the femurs were sectioned transversally by means of a water-
cooled diamond saw (WOCO, Conrad, Germany). Transverse cuts were made 
through the greater trochanter, the lesser trochanter, the diaphysis and near the 
distal tip of the prosthetic stem. 
After decalcification in formic acid the sections were cut into one-millimeter 
slices. Microangiograms of these slices were made on Kodak 3 5 mm Stereoscopic 
Safety film in the Faxitron 43805 N-X-Ray system. The X-ray films were placed 
between glass and embedded in plastic, and photographed with a Zeiss 
Photomicroscope 2. 
One millimeter thick cross sections were used for fluorescence microscopy. After 
staining with 2,5 percent basic fuchsin in 40 per cent alcohol during 12 hours, 
these specimens were flushed in 40 per cent alcohol and carefully polished. 
Subsequently, they were studied using incident fluorescent light, and 
photographed with a Zeiss-Tessovar camera. Next, the sections were dehydrated 
in alcohol and embedded in a specific expoxy resin, and slices with a thickness of 
80-100 microns were cut with a rotating diamond saw. For examination of the 
sections we used a modified Zeiss Universal Microscope with fluorescence 
equipment and the vertical illuminator 3 RS, using incident light excitation. 
I КЗ RESULTS 
Recovery after the operation was uneventful. No signs of local infection were 
seen clinically or at sacrifice. The majority of animals in the cemented group 
loaded the operated leg normally after three weeks, while a comparable result in 
the uncemented group was not obtained until 5 weeks postoperatively (de Waal 
Malefijt et al., submitted). Preoperative in vivo angiography clearly 
demonstrated the arterial blood supply to the right hindlimb (Figure 1-a). 
63 
Fig.IV.l: Preoperative in vivo angiography (A) demonstrates the arterial blood supply to the hip 
joint and the proximal femur, which is not changed by the surgical procedure (B). 
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The external iliac artery divides into the arteria femoralis profunda, which in 
turn gives off branches to supply the femoral metaphysis and the hip joint, and 
into the arteria femoralis. The latter proceeds distally to the hindlimb, giving off 
the principal nutrient artery which enters the proximal femur at the transition 
between the metaphysis and the diaphysis anterolaterally. 
Repeated postoperative angiography indicated that the operative procedure had 
not affected the arterial blood supply in any way at a macroscopic level (Figure 
1-b). 
Microangiograms from all control femurs yielded constant and representative 
pictures of the normal blood supply to the proximal femur at different anatomic 
levels (Figure 2). 
Fig.IV.2: Microangiogram from the metaphysis of a control femur, showing the normal 
vascularization pattern of the cortex. The contribution of medullary vessels is clearly 
demonstrated. (x5). 
IV.3.1 Cemented group 
One week postoperatively, the periosteal circulation of the operated femur in the 
cemented group was found to be increased at both the metaphyseal and 
diaphyseal levels. The inner third of the cortex was avascular (Figure 3-A). From 
the extraosseus circulation only a few micropaque-filled vessels were observed 
entering the cortex transversely. Conversely, abundant vascularization was 
found within the metaphyseal cancellous bone up to the surface of the cement 
(Figure 3-B). 
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Fig.IV.3: Microangiography in the cemented group (x5) 
A) 1 week : increased periosteal vascularity metaphyseally, and some radially oriented vessels in 
the outer cortex. 
B) 1 week : extensive vascularity of the metaphyseal trabecular bone, even adjacent to the 
cement. 
C) 2 weeks : at the diaphyseal level a somewhat decreased periosteal circulation, revascularizing 
the cortex. Still avascular endosteal cortex. 
D) 3 weeks : same picture as at 2 weeks; circumferential pooling of blood in the middle third of the 
cortex. 
E) 5 weeks : periosteal hypercirculation decreased at the metaphyseal level. Some 
revascularization of the endosteal cortex. 
F) 6 weeks : further normalization of the periosteal circulation at the diaphyseal level, and 
increased vascularity of the endosteal cortex. 
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At two weeks, the endosteal cortex still showed no revascularization (Figure 3-C). 
The same image was obtained at three weeks, although a circumferential pooling 
of bariumsulphate was observed in the middle third of the cortex at the 
diaphyseal level (Figure 3-D). Not until the fifth postoperative week, the first 
signs of endosteal revascularization were seen (Figure 3-Е), with a gradual 
progress in the sixth week (Figure 3-F). Meanwhile, the periosteal 
hypercirculation appeared to be substantially reduced. 
This course of revascularization was substantiated by the formation of new bone 
labeled with fluorochromes. There was abundant labeling of the metaphyseal 
trabecular bone from the first postoperative week. Not until the fifth and sixth 
postoperative week, cortical bone remodelling was clearly recognized, most 
prominently in the metaphyseal sections (Figure 5-A). The fluorescent labels in 
the diaphyseal cortex demonstrated that bone remodelling at this level was 
mainly confined to the middle third of the cortex. Moderate periosteal bone 
apposition was noticed, particularly marked in the anterior metaphyseal area. 
IV.3.2 Uncemented group 
At one week postoperatively, the metaphyseal trabecular bone in the uncemented 
group was equally richly vascularized as compared to the cemented cases (Figure 
4-A). A similarly increased periosteal vascularity was consistently seen 
metaphyseally and diaphyseally from the first postoperative week (Figure 4-B). 
However, in contrast with the cemented group, the radially oriented vessels 
through the cortex were more numerous and extended up to the endosteal part of 
the cortex (Figure 4-C). At three weeks the gaps between the plastic prosthesis 
and the bone, which remained in spite of our efforts to produce a precise fit, were 
undoubtedly crossed by micropaque-filled vessels (Figure 4-D). A progressive 
regeneration of the medullary circulation through these gaps was seen from the 
fourth to the sixth postoperative week. Simultaneously, the periosteal circulation 
still increased to some extent, while the radial orientation of the cortical vessels 
became less prominent (Figure 4-E and 4-F). 
Fluorochromelabeling illustrated early bone remodelling activity in the 
metaphyseal trabecular bone as was also shown in the cemented group. Contrary 
to the cemented group, all anatomic levels showed intracortical and endosteal 
bone remodelling from the second postoperative week already. Some new bone 
formation was demonstrated between the prosthesis and the bone. Periosteal 
bone apposition was much more prominent compared to the cemented group, 
most strikingly at the anterior aspect of the metaphysis (Figure 5-B). 
IVA DISCUSSION 
Reaming and introduction of bone cement and/or a prosthetic stem into the 
medullary cavity cause damage to the endosteal circulation, as described by 
many investigators (Danckwardt-Lillieström 1969, Rhinelander 1973, Sund and 
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Fig.IV.4: Microangiography in the uncemented group. (x5) 
extensive blood supply of the metaphyseal trabecular bone, while revascularization 
around the plastic prosthesis already occurs. 
at the metaphyseal level, revascularization of the cortex up to the endosteal side, 
originating from increased periosteal circulation. 
periosteal circulation is still increased, with radial revascularization of the entire cortical 
thickness. No signs of vascular regeneration through the gaps between prosthesis and 
bone at the diaphyseal level. 
D) 3 weeks: the same picture as at two weeks, however, also an obvious regeneration of medullary 
blood supply in the gaps. (x2) 
progressive regeneration of medullary circulation at the metaphyseal level. 
still increased periosteal circulation at the diaphyseal level, but decreasing number of 
radially oriented intracortical vessels. 
A) 1 week: 
B) 1 week: 
C)2 weeks 
E) 5 weeks: 
F) 6 weeks: 
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Fig.IV.5: Overall fluorescence picture of the metaphyseal level six weeks postoperatively, with the 
implants in situ. In the cemented specimen (A), newly formed bone is seen in the 
trabecular bone adjacent to the cement. Periosteal bone apposition is moderate and 
most prominent anteriorly', labeled mainly with alizarine complexon (3 weeks) and 
bordered by a thin calcein-labeled zone (4 weeks). The uncemented specimen (B) 
demonstrates a bad fit of the prosthetic stem at this level. Gap-filling by newly formed 
bone is seen (b). Tremendous periosteal bone apposition is seen anteriorly*, bordered by 
a broader calcein-labeled zone which illustrates active bone formation even at 4 weeks 
postoperatively. 
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Rosenquist 1983). It has been generally accepted that the morphological changes 
in the femur following interference with the arterial blood supply take an 
identical course in humans and in test animals (Trueta 1968, Rhinelander et al. 
1979). Albrektsson (1981) stressed the relative value of microangiography by 
continuous infusion of micropaque or other dyes. In animal experiments, he 
observed a wide variation in the degree of filling of small vessels, whereas 
differentiation between arteriolae and venulae was nearly impossible. 
Nevertheless, the consistency of the microangiographic images obtained from 
the control femurs in our experiment increased the significance of the 
microradiograms of the operated femurs. Our findings corroborated the so-
called centrifugal circulation concept as postulated by Brooks (1971) and 
Rhinelander (1972). They suggested that the entire cortex is supplied mainly by 
the medullary circulation. The blood flow may be temporarily reversed when the 
medullary cavity is completely blocked by an implant, which induces the 
periosteal circulation to become the principal source of cortical 
revascularization. It was remarkable that the endosteal cortex in our cemented 
specimens remained avascular until the fifth postoperative week, and that even 
pooling of bariumsulphate occurred in the inner third of the cortex. We suggest 
that this could be explained by the total occlusion of the medullary canal, and 
possibly by residual bone marrow or debris being pressed into the cortex by the 
acrylic cement (Danckwardt-Lillieström 1969). Perhaps, endosteal necrosis 
caused by the heat of polymerizing acrylic cement also played a role. In contrast, 
the radially oriented cortical vessels in the uncemented group were already filled 
with bariumsulphate up to the endosteal side from the first postoperative week. 
Although the fixation of the plastic prostheses seemed to be 'press-fit' 
macroscopically, clear gaps were found in the cross sections. These gaps allowed 
early regeneration of the medullary circulation to occur, as was earlier assumed 
by Rhinelander et al. (1979). 
An early revascularization around uncemented implants has also been described 
by Kofoed and Backer (1986). The fact that all our specimens showed a more 
extensive vascularity of metaphyseal trabecular bone in comparison with 
diaphyseal compact bone, can be explained by the specific architecture and 
blood supply of cancellous bone (Clemow et al. 1981). 
Danckwardt-Lillieström (1969) demonstrated that the typical vascular 
proliferation of extraosseus vessels following intramedullary procedures in 
rabbit femurs was most pronounced after two weeks, diminishing after 4 weeks 
and returning to normal after 8 weeks. In accordance with that, we found that the 
reactive periosteal vascularization in the cemented group had normalized at the 
5th to 6th postoperative week, synchronous with the regeneration of the 
vascularization at the bone-cement interface. The same phenomena were even 
more likely to occur in the uncemented group, in which the early regeneration of 
the medullary circulation should result in a simultaneous return of the periosteal 
hypercirculation to normal. In contrast with this, we still found an increased 
periosteal vascularization at six weeks postoperatively, accompanied by marked 
periosteal bone apposition. At the same time, the radial orientation of the 
cortical vessels became less obvious. This suggests, that the periosteal reaction in 
70 
the uncemented group cannot be attributed to vascular changes only. In the past, 
several other explanations have been suggested for periosteal bone apposition 
following intramedullary interventions. These include chemical or physical 
irritation of the bone caused by the implant (Kiintscher 1940), periosteal venous 
stasis and oedema (Richany et al. 1965) and bone formation induced by bone 
marrow which is pressed subperiosteally through the cortical canals after 
intramedullary reaming (Danckwardt-Lillieström 1969). Feith (1975) observed a 
correlation between the amount of subperiosteal bone formation and the extent 
of cortical necrosis in rabbit femurs filled with cement. He emphasized that the 
extent of subperiosteal bone formation also depended on the animal species 
used, and their age. Rewitzer and Draenert (1984) suggested, based on animal 
experiments, that bone deformation by intramedullary implants together with 
circulatory changes may be responsible for extraosseous bone formation. With 
this in mind, it seems justifiable to suggest that mechanical effects played a role 
in the intensified periosteal bone apposition in the uncemented group. The 
delayed restoration of function (de Waal Malefijt et al., submitted) in these 
animals also substantiates this assumption. 
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CHAPTER V 
Scanning electron microscopy in the assessment 
of the bone-implant interface in hip arthroplasty 
Animal experimentation on cemented and uncemented implants 
ABSTRACT 
Controversy still exists about the etiology of the bone-implant interface in hip 
arthroplasty. We studied the initial tissue reactions at the interface in the first six 
weeks following cemented and uncemented fixation of femoral prostheses in test 
animals. A standardized operative technique was used. In all animals, bone 
remodelling occurred early in the trabecular bone of the metaphysis, and later in 
the diaphyseal cortex. This difference is explained by the specific architecture 
and more extensive vascularity of the metaphyseal cancellous bone. In general, a 
more rapid bone remodelling was found around the uncemented implants. The 
gaps between these implants and bone allowed early revascularization. However, 
our findings at microscopy, and delayed restoration of hip function in the 
uncemented group, suggested the initial stability of the implants to be inferior to 
cemented fixation. As a consequence of our findings, it can be concluded that 
uncemented implant designs and materials should not only be based on optimal 
primary stability and biocompatibility, but also on the preservation of a 
trabecular bone bed, in order to allow for early osseointegration. 
V.1 INTRODUCTION 
Tissue reactions following the implantation of artificial joints have been the 
objective of a number of in vivo and in vitro studies, aimed at increasing our 
understanding of implant fixation and loosening processes. Early reports were 
based mainly on conventional, histologic studies of cemented implants (Wiltse 
et al. 1957, Charnley 1970, Willert and Puis 1972, Lindwer and van den Hooff 
1975, Feith 1975, Vernon-Roberts and Freeman 1976). 
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In recent years, many complex biochemical, physical and mechanical reactions 
and interactions as well as circulatory changes in the vicinity of joint implants 
were described (Rhinelander 1979, Radinctal. 1982, Lintneretal. 1982, Freeman 
et al. 1982, Goldring et al. 1983). Increasing numbers of investigations were 
carried out with cement-free implants (Diehl and Harms 1976, Albrektsson et al. 
1981, Bobyn et al. 1982, Harris et al. 1983, Hedley et al. 1983). A recurrent 
technical limitation of many observations concerning the interface has been 
that the bone-implant specimens from animals or post-mortem human hips 
could not be presented as an entity. The disadvantage of traditional preparation 
techniques for histologic studies is the likelihood of disruption of the interfacial 
tissue as it may occur, for instance when acrylic cement is dissolved from the 
specimens. With unembedded preparations and embedding in different epoxy 
resin mixtures, it is possible to present bone-implant specimens with 
preservation of the interfacial tissue (Draenert 1977). It has been demonstrated 
that a more detailed definition of the interface morphology can be obtained by 
examinations at electron microscopic level (Willcrt et al. 1974, Draenert 1978, 
Albrektsson et al. 1981, Linderetal. 1983, Thomsen and Ericson 1985, Johanson 
et al. 1987). In particular, scanning electron microscopy (SEM) offers the 
possibility to visualize prosthetic anchorage, bone formation and the spatial 
arrangement of cells and fibrous tissue layers without disruption of the interface 
(Draenert 1977, Thomsen and Ericson 1985, Linder 1985). Sequential 
fluorochrome labeling provides a means of studying the dynamics of bone 
formation over a period of time (Rahn and Ferren 1971). 
In spite of all these previous studies and reports, there is still a definite need for 
reproducible comparative data with respect to bone reactions following 
cemented and uncemented joint implants. In our Laboratory for Experimental 
Orthopaedics, earlier investigations have focused on the problem of implant 
loosening with specal reference to the role of acrylic cement (Slooff 1971, Feith 
1975, Huiskes 1980, Ypma 1981, Strens 1986). As a sequel to these studies, we 
developed an animal model with the objective to compare the initial bone 
reactions after implantation of cemented and uncemented 'press-fit' femoral 
endoprostheses in goats, using an identical surgical approach and preparation 
technique of the medullary canal. As a part of this experiment, we present a 
correlative fluorescence and SEM-study on the bone-implant interface. 
V.2 MATERIALS AND METHODS 
Six fully developed female African pygmy goats were used. Preoperative pelvic 
roentgenograms were taken to enable preoperative planning of the replacement 
procedure. Under general anesthesia, with a mixture of nitrogenoxyde, oxygen 
and ethrane in a closed system, the right hip was exposed by a dorso-lateral 
approach. After an osteotomy of the femoral neck, the medullary canal was 
prepared by suctioning and reaming, followed by the insertion of a plastic plug. 
Next, meticulous lavage and drying of the bone were performed. In three goats, 
Sulfix-6 low-viscosity cement was injected into the proximal femur in a 
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retrograde fashion with the use of a cement-syringe. The cement was kept under 
pressure by occluding the femoral canal until the appropriate viscosity was 
obtained. Subsequently, a CoCr-endoprosthesis was inserted. The other three 
animals received an uncemented femoral endoprosthesis. Following the routine 
preparation technique of the bone, a precise print of the medullary canal was 
manufactured by means of a two-component non-toxic silastic which was 
supplied by the dental department (Xantopren/Elastomer). This substance 
snap-cures without the generation of heat. The silastic mould thus obtained, 
served as a guideline model to cut and grind a polyacetal prosthetic stem in visual 
correspondence with the femoral canal geometry. The plastic plug which had 
been inserted initially, was then removed. Subsequently, the polyacetal 
prosthesis was supplied with an adjustable CoCr-head and inserted 'press-fit' 
into the proximal femur. Directly after the operation, the animals were kept in a 
special hammock to prevent them from loading the operated leg. At the third 
postoperative day they were allowed to start weightbearing. 
For the purpose of assessing new bone formation, every animal was 
subcutaneously injected with fluorochromes daily. The labels were changed at 
weekly intervals. Four fluorochromes were given in the following sequence and 
dosage: Oxytetracycline 15 mg/kg, calcein blue 30mg/kg, alizarin complexon 30 
mg/kg, calcein 20 mg/kg and again Oxytetracycline 15 mg/kg. 
In both the cemented and uncemented groups, the animals were killed after one, 
three and six weeks, respectively. At sacrifice, 30 mg papaverine and 5000 ID 
héparine were intravenously administered, while anesthesia was induced with 
pentobarbital. After canulating the abdominal aorta and the inferior vena cava, 
perfusion of the hindlegs was performed under tube manometer pressure 
(100-110 mmHg). 
Exsanguination was obtained by perfusion with 1.5-2 liters of Ringers' solution, 
followed by perfusion with 1.5-2 liters of Karnovsky's solution for optimal tissue 
fixation. In order to enable the visualization of the bone-implant interface 
revascularization, it was decided to use a low-viscosity acrylic substance which 
has been demonstrated to penetrate the vascular system up to capillary level 
(Murakami et al. 1984). For this purpose, the vessels were flushed again with 
Ringers' solution after tissue fixation. Subsequently, they were filled with a 
mixture of 60 per cent methyl methacrylate monomer and 40 per cent 
monomeric 2-hydroxypropyl methacrylate, supplemented with 1.5 per cent 
benzoyl peroxide (catalyst) and 1.5 per cent Ν,Ν-dimethylaniline (accelerator). 
Polymerization of the synthetic substance was completed after 20 minutes at 
room temperature. 
The right femur was carefully harvested by an exarticulation in the hip and the 
knee joint, leaving an ample muscle cover and the periosteum intact. Contact X-
ray films of the bones were made immediatelv, using mammography films 
(KODAK X-OMAT MA). 
The bones were then immersed in Karnovsky's solution for a minimal period of 
four weeks, while the pH of the solution was kept constant at 7.32. The 
unembedded fixed femurs were subsequently cut transversally by means of a 
water-cooled diamond saw (WOCO, CONRAD, FRG), yielding cross sections 
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from the proximal and lower part of the metaphysis, the diaphysis and a section 
near the tip of the prosthetic stem. For scanning electron microscopy, 
transversely-cut ground sections between 1.2-2 mm thickness were prepared, 
with special care not to destroy the implant-bone interface. 
The specimens were carefully cleaned with Ringers' solution using a waterpick, 
and freeze-dried with under-cooled liquid nitrogen by sublimation in a high 
vacuum freeze-dryer. Having been dried, the specimens were mounted on 
aluminum stubs with electrically conducting carbon. After gold sputtering to a 
thickness of 200 Angstroms, they were explored in the Philips PSEM 500 and 
PSEM 505, respectively. For fluorescence microscopy, 1 mm sections were 
manually ground using corundum paper, and superficially stained with 2.5 per 
cent alkaline fuchsine during 5 to 10 minutes. Next, they were once again slightly 
polished in a wet grinding process, followed by visual examination and micro-
photography with incident fluorescent light using a short wave-length spectrum 
(Draenert 1986). 
V.3 RESULTS 
All goats recovered well from surgery, without wound healing problems, 
infection or dislocation of the operated hip. The restoration of postoperative 
weightbearing occurred more rapidly in the cemented as compared to the 
uncemented group (de Waal Malefijt et al. 1987). At sacrifice, all implants in 
both groups were found to be clinically 'stable' (not movable by manual force). 
V.3.1. Cemented group 
At one week postoperatively, some scattered tetracycline labeling was already 
noticed in the trabecular metaphyseal bone adjacent to the cemented implants. 
Incidentally, small gaps were found between bone and cement in the metaphysis. 
The diaphyseal cortex did not show any remodelling activity, nor could 
periosteal bone apposition be demonstrated by fluorescence microscopy or SEM 
(Fig. 1). Direct contact between bone and cement predominated diaphyseally. 
By three weeks, the metaphyseal sections revealed moderate periosteal bone 
apposition, in particular anteriorly. The SEM-pictures of the trabecular bone 
adjacent to the cement showed virtually no remodelling activity, although some 
sprouting of acrylate-filled vessels was recognized (Fig.2). Areas of direct 
contact between cement and bone alternated with the interposition of fibrous 
membranes, with a thickness varying from 50-100 microns (Fig. 3). Higher 
resolution of this fibrous tissue revealed collagen fibre bundles, interspersed 
with small vessels and nicely arranged in layers with moderate amounts of 
amorphous ground substance (Fig. 4). At the diaphyseal level, no signs of 
cortical bone remodelling were as yet present (Fig.5). 
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Fig.V.l: One week postoperatively, a direct contact is found between the cortical bone (B) and 
cement (C). No bone remodelling is seen (SEM χ 10). 
Fig.V.2: At three weeks, some sprouting of vessels (arrows) is noticed in the trabecular bone of the 
metaphysis, but no signs of new bone formation are seen. Periosteal bone formation (P) 
is recognized anteriorly (SEM χ 10). 
77 
Fig.V.3: A detail from figure V.2, demonstrating the interposition of fibrous tissue in the areas 
where no direct bone-to-cement contact is present (SEM χ 20). 
Fig.V.4.: Details of the fibrous tissue at three weeks in the cemented group show a consistent 
tangential orientation of the tissue fibres, with interspersion of small vessels (V). (SEM χ 
640). 
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Fig.V.5: Diaphyseally, direct bone-to-cement contact predominates, without signs of bone 
remodelling at three weeks (SEM χ 40). 
Fig.V.6: At six weeks, trabecular bone in the vicinity of the cement surface is reinforced by 
appositional new bone (arrows). A fibrous tissue membrane is present between bone and 
cement (C). (SEM χ 840). 
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Fig.V.7: The interfacial fibrous membrane from the metaphysis in the cemented group shows a 
regular fibre bundle orientation at six weeks, with a moderate amount of ground 
substance (SEM χ 2620). 
By six weeks, fibrous tissue membrane formation was still primarily confined to 
the metaphyseal area. New bone was deposited on the bony trabeculae adjacent 
to the cement (Fig. 6). High resolution SEM-pictures again showed the regular 
and parallel orientation of the collagen fibre bundles at the bone-cement 
interface (Fig. 7). Fluorescence microscopy revealed scattered remodelling 
activity in the cortical bone, most pronounced in the middle and outer part of the 
metaphyseal cortex (Fig. 8). 
Radially oriented periosteal bone apposition was virtually confined to the 
anterior metaphysis, and labeled mostly with the second and third week 
fluorochromes. Intensive labeling was found in the metaphyseal cancellous bone 
adjacent to the cemented implant. 
Fig.V.8: Metaphyseal section of the cemented prosthesis at six weeks, showing active cortical —· 
bone remodelling, with exception of the endosteal part of the cortex where newly formed 
bone is only incidentally found. Periosteal bone formation anteriorly is labeled with 
calcein blue and alizarine complexon (red colour). (Fluorescence microscopy χ 40). 
Fig.V.16: Six weeks, metaphyseal section from the uncemented specimen. Uniform and intensive —. 
bone remodelling occurs, with prominent new bone formation, in particular at the 
endosteal side of the cortex. Periosteal bone apposition is mostly labeled with calcein 
blue, but also with subsequent labels (Fluorescence microscopy χ 40). 
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V.3.2. Uncementedgroup 
Similar to the cemented group, the metaphyseal trabecular bone in the 
uncemented specimens showed early fluorescence labeling at one week 
postoperatively. Yet, signs of cortical bone remodelling were not seen (Fig. 9). 
However, by three weeks, marked differences with the cemented specimens were 
encountered. Periosteal formation of bone was not confined to the anterior 
metaphysis, but also extended more circumferentially and distally along the 
diaphysis. The metaphyseal sections demonstrated only two or three areas of 
direct contact between the polyacetal prosthesis and the bone. In the remaining 
gaps, which measured 200-500 microns, a tangentially oriented fibrous tissue 
layer was present at the bone-implant interface (Fig. 10). Details of this 
membrane showed coarse, irregularly oriented collagen bundles interspersed 
with numerous large vessels (Fig. 11). The ground substance had an amorphous 
cartilaginous appearance. Osteogenic activity was clearly identified in the 
adjacent trabecular bone (Fig. 12). In contrast to the cemented group, gaps were 
present between the plastic prosthesis and the cortex at the diaphyseal level. 
These gaps were filled with newly formed woven bone in a direction towards the 
implant, but a fibrous tissue membrance interposition persisted (Fig. 13). 
At six weeks, the fibrous tissue interface had a similar appearance as 
fibrocartilage with abundant fibrous interstitial substance, in particular at the 
metaphyseal level (Fig. 14). Contrary to the cemented specimens, circumferential 
endosteal bone remodelling was found in the diaphyseal sections (Fig. 15). This 
was confirmed by fluorescence microscopy, which revealed the high turnover rate 
of the cortical bone, particularly at the endosteal side of the cortex (Fig. 16, see 
page 81). Periosteal bone formation was mainly labeled with the second week 
fluorochrome (calcein blue), but also with the subsequent labels. 
VA DISCUSSION 
In many of the previously reported histologic studies on the interface between 
cemented implants and bone, the formation of a fibrous membrane is considered 
to be a common biological reaction to acrylic cement (Lee and Ling 1984). It 
should be discerned that these reports are based on studies of different 
histologic material, retrieved from revision surgery for loosened implants, from 
post-mortem human specimens and also from animal experiments. A 
predominance of fibrous tissue at the bone-cement interface proved to be 
compatible with adequate fixation and a good clinical result (Tibrewal et al. 
1984), perhaps due to a shock-absorbing function (Willert and Puis 1972). 
This was already suggested by Charnley in 1970, who found that metaplasia of 
fibrous tissue to fibrocartilage may occur when compressive loads are applied. 
However, Linder and Hansson (1983) provided clear evidence from human hip 
surgery that, although a thin rim of proteoglycans was always interposed, acrylic 
cement may border on living bone in well-fixed implants. 
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Fig.V.9: By one week postoperatively, no specific reactions are visible in the cortical bone 
surrounding the uncemented prosthesis. Some polyacetal debris is seen as a result of 
sectioning and grinding (SEM χ 10). 
Fig.V.lO: At three weeks, the metaphyseal cancellous bone adjacent to the uncemented implant 
clearly shows active bone remodelling. New bone is deposited on the trabecular bone 
surfaces. A dense layer of fibrous tissue develops at the bone-implant interface (SEM χ 
46.4). 
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Fig.V.ll: At high resolution, the fibrous tissue surrounding the uncemented implant at three 
weeks, demonstrates a course and irregular structure and large methacrylate-filled 
vessels (V). (SEM χ 655). 
Fig.V.12: A detail from figure VI.IO (arrows in Fig. V.IO) illustrates the apposition of an 
osteoblastic layer on the trabecular bone surface (SEM χ 1044). 
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Fig.V.13: At three weeks, gap-filling occurs by the formation of woven bone, which is contiguous 
with the diaphyseal cortex. However, a fibrous tissue membrane remains encapsulating 
the implant (I). (SEM χ 40). 
Fig.V.14: At six weeks in the uncemented group, the metaphyseal bone-implant interface 
resembles fibrocartilage (SEM χ 640). 
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Fig.V.15: In the diaphysis surrounding the uncemented prosthesis, active endosteal bone 
remodelling is shown by six weeks. Circumferential periosteal bone apposition is visible 
(SEM χ 10). 
Some authors believe that the mechanical changes following cemented 
arthroplasties yield the principal initiation of bone resorption and membrane 
formation (Radin et al. 1982, Eftekhar 1985). 
The activation of quiescent macrophages at the cement surface may play a role in 
this respect (Freeman 1982, Linder and Hansson 1983). Fibrous tissue has also 
been found in the primary gaps, as these may occur between the cement and the 
bone, originating from inadequate cementing techniques (Benjamin et al. 1987) 
or from cement shrinkage, away from the bone during polymerization 
(Debrunner 1975). 
In his experimental studies with rabbits, Draenert (1981) showed that an 
unloaded cemented implant will be integrated by bone formation alone. 
Gaps at the bone-cement interface up to 80 microns were filled by new bone in a 
lamellar arrangement. Larger gaps were bridged over by a framework of woven 
bone, which was concentrically reinforced by lamellar bone apposition, and 
finally converted to compact bone. 
In our experiment, small primary gaps between cement and bone were noticed 
mainly at the metaphyseal level, measuring 50-100 microns in width. In spite of 
our efforts to practise modern cementing techniques, the acrylic cement did not 
penetrate deeply into the metaphyseal trabecular bone. Although the dense shell­
like structure of the spongious bone in goats was considered to be a major cause 
of this phenomenon, shrinkage of the cement during the polymerization process 
cannot be excluded. Nevertheless, many areas of direct contact between cement 
and bone were found in all specimens. Marked differences were recognized 
between the interfacial reactions in the metaphyseal trabecular bone and the 
cortical bone at the diaphyseal level. 
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Trabecular bone is richly supplied with blood vessels, yielding a much more 
pronounced remodelling potential than cortical bone (Bobyn et al. 1980, 
Clemow et al. 1981). By three to six weeks, progressive bone resorption and 
fibrous tissue interposition indeed predominated at the metaphyseal level. Also, 
new bone formation occurred in the gaps between bone and cement, in 
particular in the trabecular bone. Since it requires living cells to obtain 
metaplasia, revascularization must be present. 
Contrarily, the first signs of intracortical bone remodelling in the diaphysis were 
not seen until the sixth postoperative week, while endosteal remodelling was 
exceptional and interfacial fibrous tissue was infrequently observed. Paul and 
Bargar (1986) reported similar findings. However, during hip arthroplasties in 
dogs they obtained satisfactory cement intrusion in the metaphyseal trabecular 
bone, and they found no membrane formation in the proximal femoral sections 
even at a six-months follow-up. They concluded that poor mechanical fixation of 
cement is a predisposing factor for membrane formation. 
The effect of weightbearing on membrane formation was studied by Spinelli in 
1976, who performed scanning electron microscopy after cemented hip 
arthroplasties in sheep. He found a fibrous membrane at the bone-cement 
interface only in the animals who were allowed to bear weight. In contrast with 
this, Gitelis et al. (1979) saw a fibrous membrane encircling the whole implant 
following cemented hip arthroplasty in dogs, regardless of weightbearing 
stresses. Their control group consisted of dogs who had an exarticulation of the 
knee in the operated leg to prevent them from weightbearing. They suggested 
that muscular activity might be responsible for creating forces across the bone-
cement interface. The follow-up in our experiment has been too short to establish 
whether the intensive metaphyseal bone remodelling would eventually lead to 
progressive membrane formation or loosening of the implant. It cannot be 
concluded to which extent the differences between the reactions in the proximal 
part of the femur and the diaphysis are determined by the more extensive 
metaphyseal vascularity, or by mechanical forces. 
In any case, the animals in the cemented group demonstrated a rapid restoration 
of postoperative function, and the prostheses were stable at sacrifice (de Waal 
Malefijt et al. 1987). Our findings are compatible with the theory that cemented 
implants remain stable and clinically satisfactory as long as areas of intimate 
contact between cement and bone are present (Draenert 1978, Linder and 
Hansson 1983). The quiescent ultrastructural aspect of the fibrous tissue at the 
bone-cement interface supports this theory. 
Since the duration of follow-up studies after cementless arthroplasties is 
generally short and the revision-rate is accordingly low, histologic studies on 
failed human implants have only been reported incidentally (Bobyn and Engh 
1984, Brooker and Collier 1984, Schenk and Herrmann 1984, Kozinn et al. 1986). 
Nevertheless, several experimental studies have given rise to an improved 
understanding of implant fixation by bone ingrowth (Bobyn et al. 1981, 
Albrektsson et al. 1981, Linder et al. 1983, Harris et al. 1983). The significance of 
prosthetic materials and designs in terms of stress distribution and 
87 
biocompatibility, and their consequences for bone remodelling, have been well 
emphasized (Ducheyne and Hastings 1984). 
In some clinical reports, uncemented implants were invariably shown to be 
surrounded by a fibrous tissue membrane, while direct contact between implant 
and bone was exceptional (Galante et al. 1971, Lord et al. 1979, Kozinn et al. 
1986). However, intimate contact between living bone and implant, by some 
authors called 'osseointegration' (Albrektsson 1981), is considered to be 
mandatory for long-term fixation (Galante 1987). Delicate surgery is needed to 
achieve an optimal initial stability of the implant which.in turn,is a prerequisite 
for bony ingrowth (Pilliar 1983). The initial bone reactions following 
uncemented fixation of joint implants resemble gap healing in fractures (Schenk 
and Herrmann 1985). First, the gaps that have remained between the implant 
and bone, are occupied by a hematoma. After a few days, the hematoma is 
replaced by primitive mesenchymal tissue. Osteoblasts arise directly from this so-
called osteoprogenitor mesenchyme, and woven bone may develop in the first 
postoperative weeks (Galante 1987). At a certain point, further remodelling will 
lead to lamellar bone formation. However, under certain circumstances, the 
mesenchymal tissue may be replaced by fibrous tissue or fibrocartilage instead of 
bone. It has been shown in dogs (Bobyn et al. 1981) that gaps between unloaded 
porous coated implants and bone, measuring approximately two millimeters in 
width, were still bridged by spongy bone within twelve weeks. Although they 
found a similar osteogenic response to smooth implant surfaces, these were 
always bordered by a fibrous membrane. Many authors believe that 
weightbearing on cementless implants creates a crucial condition with respect to 
the likelihood of bony ingrowth. Chen et al. (1983) concluded from animal 
experiments that bone ingrowth may be promoted by weightbearing conditions, 
while complete non-weightbearing for extended periods proved to be deleterious 
to bone ingrowth. 
Albrektsson et al. (1981) argued that osseointegration can be predictably 
achieved only if the implant design guarantees stability during the healing 
period. They advocated that weightbearing should not be allowed until the dead 
endosteal bone is replaced by living bone, estimating the appropriate healing 
time in man to be 3-4 months. In their opinion, immediate load bearing will 
definitely result in the formation of a fibrous tissue interface. 
Excessive implant movement as a possible result of early weightbearing has been 
demonstrated to inhibit bone formation within porous structured devices 
(Ducheyne et al. 1977). Moreover, bone resorption may be induced (Ferren 1984) 
and fibrous ingrowth is likely to occur (Cameron et al. 1973). Under specific 
loading conditions however, a transformation of fibrous tissue into 
fibrocartilage may occur, and new bone may even develop (Draenert and 
Draenert 1984, Kozinn et al. 1986). The direction of load and the magnitude of 
local tissue deformations are the decisive factors in such metaplasia (Ferren and 
Cordey 1977). 
The SEM-images from our uncemented specimens correspond with the latter 
reports. In the gaps which remained between the implants and the bone, in spite 
of our efforts to produce a precise fit, fibrous tissue was found initially. At the 
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third postoperative week, the formation of woven bone was recognized, which 
was reinforced by the apposition of lamellar new bone, progressively filling the 
gaps. Nevertheless, a fibrous tissue layer remained interposed between the newly 
formed bone and the implant. 
At six weeks postoperatively, the interfacial tissue yielded a fibrocartilaginous 
appearance, presumably resulting from compressive loads, in combination with 
relative movements at the bone-implant interface. 
Of course, our short postoperative observation time provides little basis for 
predicting the long-term integration of the uncemented prostheses. However, 
Muhr et al. (1976) reported that one year after the implantation of polyacetal hip 
prostheses in sheep, the implants remained encircled by a rigid connective tissue 
layer, despite clinical stability. Schenk and Herrmann (1984) suggested that such 
findings reflect foreign body reactions to polyacetal. 
Due to our inability to obtain an optimal fit of the polyacetal implants in the 
proximal femur, gaps were present at the interface in all metaphyseal and 
diaphyseal sections. These gaps appeared to allow early revascularization 
around the uncemented implants, which is likely to result in early bone 
remodelling (de Waal Malefijt et al. 1988). 
As in the cemented group, bone remodelling around the cementless implants at 
the metaphyseal level occurred earlier than in the diaphysis. However, in general 
the turnover rate was much higher in the uncemented group. 
Similar to our discussion with respect to the cemented implants, it cannot be 
concluded to which extent these bone reactions were determined by early 
revascularization, by mechanical loads or by micromotions at the interface 
between the uncemented implants and bone. 
Periosteal bone formation has always been mainly attributed to vascular changes 
following intramedullary procedures, particularly due to blocking of the 
medullary circulation (Feith 1975). However, in spite of early regeneration of the 
medullary circulation around our uncemented implants, periosteal bone 
apposition was much more extensive, compared to the cemented group. Based on 
animal experimentation, Rewitzer and Draenert (1984) suggested that extension 
of bone by intramedullary implants, together with circulatory changes, may be 
responsible for extraosseus bone formation. We suggest that the intensified 
periosteal bone apposition in our uncemented group was enhanced by 
mechanical stimuli.This hypothesis is substantiated by the fibrocartilaginous 
nature of the bone-implant interface and delayed restoration of function in these 
animals (de Waal Malefijt et al. 1987). 
In conclusion, the histomorphological changes in the bone surrounding our 
uncemented implants occurred earlier and more extensively compared to those 
in the cemented group, in particular at the metaphyseal level. This difference 
cannot be explained exclusively by a more rapid regeneration of bone vascularity 
in the uncemented group. Most likely, mechanical stimuli, and particularly 
relative movements at the bone-inplant interface, played an important role in 
tissue differentiation around the cementless prostheses. Obviously, these 
'custom-made' polyacetal implants did not yield satisfactory primary fixation, 
contrary to the cemented implantation, which enabled a rapid restoration of 
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function. In our opinion, attempts to improve primary stability of cementless 
arthroplasties should not require the removal of considerable amounts of 
cancellous bone. Such procedures may impede the process of revascularization 
and the osseointegradon of the implant. 
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CHAPTER VI 
Radiographic observations upon the 
bone-implant interface in cemented and 
uncemented hip arthroplasty 
An experimental study in goats 
ABSTRACT 
TVenty-two cemented femoral endoprostheses were placed into the right hip 
joint of African pygmy goats, and an equal number of goats received an 
uncemented 'press-fit' implant, in order to compare the early postoperative bone 
reactions in both cases. A standardized surgical approach and identical 
preparation techniques of the bone were used. Routine anteroposterior and 
oblique radiographs of the operated hips were studied and compared with post-
mortem high-contrast contact roentgenograms of the entire femurs and the 
successive blocks obtained following sectioning. 
The cemented specimens showed progressive resorptive changes in the 
metaphyseal area. Nevertheless, the cement remained supported by bony 
bridges, yielding grossly stable implants at sacrifice. It was evident from the post-
mortem material that proper application of low-viscosity cement in the clinical 
situation is hard to achieve. Despite meticulous cleaning of the medullary canal 
and pressurization of the cement, a hematoma at the entry of the nutrient artery 
had disrupted bone-cement contact after all in many cases. In the uncemented 
group, a remarkable, progressive condensation of trabecular bone and extensive 
periosteal bone apposition occurred at the metaphyseal level. These phenomena 
are suggested to be a response to mechanical stimuli. 
The uncemented specimens showed earlier bone remodelling activity than the 
cemented ones. New bone formation at the bone-implant interface was already 
observed at three weeks postoperatively. Bone resorption appeared to be much 
less prominent in the uncemented group. The high-contrast cross-sectional 
images from both groups consistently displayed the relative value of routine 
anteroposterior and oblique radiographs in assessing the bone-implant 
interface. 
Submitted for publication, Clinical Orthopaedics and Related Research, (1988). 
By J. de Waal Malefijt, T.J.J.H. Slooff, R. Huiskes. 
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VU INTRODUCTION 
Although cemented total hip arthroplasty has become a highly successful and 
rewarding procedure, aseptic loosening of the prosthetic components still 
constitutes the most common long-term complication31. In recent years, many 
studies and experiments have resulted in further optimization of cementing 
techniques, and improvements of implant materials and designs, to reduce the 
likelihood of implant loosening34. As an alternative, renewed interest emerged in 
concepts of uncemented fixation, based on bone-tissue interlocking with porous 
surfaced or structured prostheses. A vast number of clinical reviews, in vivo and 
in vitro experiments and cadaveric studies, have elucidated different aspects of 
the bone-implant interface, which is the key region for prosthetic failure 
4 7 10 II 16 17 37 
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With the objective to improve our understanding of the tissue reactions at the 
bone-implant interface in the early postoperative period, we developed an 
animal model to enable a standardized comparison of tissue differentiation 
around cemented and uncemented hip prostheses. A concomitant radiographic 
evaluation of the bone-implant interface was consistently performed, 
comparing the routinely obtained radiographic images with post-mortem 
evaluations, the results of which are reported here. 
VU MATERIAL AND METHODS 
Forty-four healthy, skeletally mature female African pygmy goats were used for 
this study. After taking pelvic roentgenograms to enable preoperative planning 
of the replacement procedure, their right hip joint was surgically exposed, using 
a standardized technique35. 
Following femoral neck osteotomy, the medullary canal was carefully reamed 
and a plastic plug was inserted. Next, lavage and drying of the bone were 
performed. 
In twenty-two animals, a cemented CoCr-prosthesis was implanted in the 
proximal femur, using Sulfix-6 low-viscosity cement. The guidelines of the 
manufacturer were followed by adding the monomer to the powder and mixing 
for 30 seconds in a synthetic bowl. The liquid cement mixture was poured into a 
syringe and pressurized into the medullary canal in a retrograde fashion, 4 to 5 
minutes after mixing. The cement was kept under pressure by occluding the 
femoral canal until the appropriate viscosity for insertion of the prosthesis was 
reached. 
The remaining twenty-two animals received an uncemented prosthesis. After 
preparation and plugging of the proximal femur, as in the cemented cases, a print 
of the medullary cavity was made by means of a two-component non-toxic 
silastic, supplied by the dental department (Xantopren/Elastomer). The snap-
cured silastic mould thus obtained, served as a guideline model to cut and grind 
a polyacetal prosthetic stem in visual approximation with the geometry of the 
94 
femoral canal. Next, the plastic plug, which had been inserted initially, was 
removed again. A CoCr-head was adjusted to the conical-shaped stem of the 
plastic prosthesis, which was then inserted 'press-fit' in the proximal femur. 
Postoperatively, anteroposterior and oblique radiographs were consistently 
obtained from the operated hips. The animals were left immobilized in a special 
hammock and allowed to start weightbearing after three days. 
At weekly intervals, at least three goats were sacrified up to the sixth 
postoperative week. In order to obtain an impression of the long-term behaviour 
of the implants, two goats from both groups were kept alive until 4 and 6 months, 
respectively. 
Sacrifice was preceded by a renewed radiographic documentation of the hip 
replacements. After perfusion of the vascular system for microangiography and 
tissue fixation36, both femurs were harvested by careful exarticulation in the hip 
and knee joint, using the left femur as a reference. The gross stability of the 
endoprostheses was tested manually. Next, high-contrast anteroposterior and 
oblique contact-radiographs were made of all specimens, using mammographie 
techniques. Following fixation in a buffered formol solution, the femurs were 
sectioned transversely by means of a water-cooled diamond saw. 
Transverse cuts were made through the greater trochanter, the lesser trochanter 
and the diaphysis. Separate contact roentgenograms were obtained from each 
bone section, enabling comparative examination with the anteroposterior and 
oblique views of the femurs. 
VU RESULTS 
VI.3.1 Cemented group 
The radiographs of the cemented prostheses, which were routinely obtained 
postoperatively and prior to sacrifice, did not reveal radiolucent line^ at the 
bone-cement interface, except for the animals with 4 and 6 months follow-up 
times. However, the contact roentgenograms of a few specimens did depict small 
radiolucent zones. It was found in these cases that minimal variations in 
positioning of the femurs relative to the X-ray source and cassette, resulted in 
erroneous interpretations: the apparent radiolucent lines disappeared 
completely when the bone specimens were slightly rotated (Fig. 1). Furthermore, 
the cross-sectional contact roentgenograms displayed that radiolucencies often 
represented areas of decreased bone density, rather than a lack of direct contact 
between cement and bone. On the oblique contact radiographs of the femurs, 
radiolucent spots were frequently observed in the cement at the anterolateral side 
of the metaphysis (Fig. 2). Cross-sectional roentgenograms from this level clearly 
demonstrated that these radiolucencies represented cement defects, which had 
occurred in spite of adequate cement penetration into the trabecular bone of the 
metaphysis. These defects were consistently located adjacent to the foramen 
through which the nutrient artery passes the cortex (Fig. 3). 
Another consistent phenomenon was a progressive hypertrophy of the 
trabecular bone along the superolateral side of the cement, accompanied by a 
loss of bone-cement interlock (Fig. 4). 
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Furthermore, moderate periosteal bone apposition appeared at the metaphyseal 
level. Up to the sixth postoperative week, the transverse contact radiographs of 
the cemented implants did not show any adaptive changes in the diaphyseal 
cortical bone. Particularly interesting pictures were obtained from the two goats 
with a longer follow-up time. The oblique contact roentgenogram of the femur 
which was harvested at 4 months postoperatively showed obvious calcar 
resorption and a subtle radiolucent line between the anterolateral cortex and the 
cement (Fig. 5, small arrows). A condensation of the trabecular bone was 
observed in the lower part of the greater trochanter, bordered underneath by an 
apparently normal trabecular structure (Fig. 5, large arrow.) However, the latter 
actually appeared to represent an enormous gap between bone and cement, 
misleadingly being overprojected by dense cancellous bone (Fig. 6). 
Thus, the cross-sectional pictures demonstrated the unreliability of projected 
views. The proximal cement mantle appeared to be supported only by a few bony 
bridges. Similar images were obtained from the animal that was killed at 6 
months postoperatively. In this case however, the anteroposterior and oblique 
contact radiographs showed a continuous radiolucent line surrounding the 
entire implant (Fig. 7), while the transverse sections revealed that some areas of 
direct bone-cement contact were still present (Fig. 8). Furthermore, resorption 
lacunae were recognized in the cortical bone of the diaphysis. The 
anteroposterior view also exhibited the characteristic radiopaque line which is 
often observed superolaterally along cemented hip prostheses, representing the 
previously mentioned thickening of the trabecular bone adjacent to the implant 
(Fig. 7). 
Fig.VI.l: (A) Six weeks, anteroposterior contact radiograph. A radiolucent line is visible at the 
superomedial bone-cement interface (arrows). 
(B) At 30° external rotation of the femur relative to the cassette, the radiolucency 
disappears. 
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Fig.VI.2: (A) One-week, oblique contact radiograph. Anterolateral radiolucent area in the cement 
at the lower metaphyseal level. (B) Detail from fig. VI.2-A. The control femur shows, that 
this radiolucency is located near the entry of the nutrient artery, which has been filled 
with bariumsulphate. 
Fig.VI.3: Cross-sectional roentgenograms from the femur depicted in fig. VI.2. Satisfactory 
cement penetration into the metaphyseal trabecular bone. Nevertheless, a cement defect 
is present near the foramen through which the nutrient artery enters the femur. 
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Fig.VI.4: Six-weeks, cross-sectional roentgenograms. Periosteal bone apposition is primarily 
confined to the anteromedial aspect of the metaphysis. Note the trabecular condensation 
adjacent to the implant, and again a small cement defect at the entry of the nutrient 
artery. 
Fig.VI.5: Four-months, oblique contact radiograph. Calcar resorption and a subtle radiolucent 
line (small arrows) are noticed proximally. Below an area of cancellous bone 
condensation, apparently normal trabecular bone is visible Garge arrow). 
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Fig.VI.6: Cross-sectional roentgenograms from the metaphysis of the four-months specimen. The 
arrows indicate the X-ray beam orientation in fig. V1.5. The trabecular bone of the minor 
trochanter shows intensive hypertrophy. Excessive osteolysis has occurred, but the 
cement is still supported by bony bridges. 
Fig.VI.7: Oblique and anteroposterior contact radiographs of the six-months specimen. A 
radiolucent line envelopes the entire implant at the bone-cement interface. Note the 
superolateral radiolucent zone, bordered by a radiodense line. 
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Fig.VI.8: Cross-sectional roentgenograms from the femur, depicted in fig. VI.7. Bone lysis is 
present at the interface, but areas of direct bone-cement contact are still present. A 
thickened zone of metaphyseal trabecular bone is present adjacent to the cement. The 
lower metaphyseal and the diaphyseal cortex show resorption lacunae. 
VI.3.2 Uncemented group 
The anteroposterior and oblique contact roentgenograms of the uncemented 
specimens almost invariably suggested a good to excellent fit of the prosthetic 
stem in the proximal femur. Frequently, a sharp localized radiolucent line was 
noticed around the tip of the polyacetal stem in the first postoperative weeks 
(Fig. 9). Cross-sectional roentgenograms once again illustrated that 
conventional projections do not provide reliable pictures of the bone-implant 
interface. In spite of our efforts to produce a precise fit for the uncemented 
implants, many gaps were present between the prosthesis and the bone (Fig. 10). 
These gaps were not visible on the anteroposterior and oblique radiographs. 
From the first postoperative week, obvious signs of periosteal bone apposition 
were detected (Fig. 10), with a progressive extension in the subsequent weeks. At 
three weeks postoperatively, new bone formation was visible in the gaps between 
the trabecular bone and the uncemented prosthesis (Fig. 11). 
A progressive, uniform thickening of the trabecular bone structure occurred, and 
enhanced circumferential periosteal bone formation was observed extending 
along the diaphysis at six weeks postoperatively (Fig. 12). In contrast with the 
cemented group, bone remodelling was obvious in the diaphyseal cortex. The 
animal sacrified after 6 months, appeared to have sustained multiple fractures of 
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Fig.VI.9: (A) Anteroposterior and (В) oblique views of the uncemented implant, showing a 
satisfactory adaption of the prosthetic stem to the medullary cavity. Note the sharp 
radiolucency around the stem tip. 
Fig.VI.10: Cross-sectional roentgenograms at one week postoperatively. Cloud-like periosteal bone 
apposition appears in the metaphyseal sections. 
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Fig.VI.U: Cross-sectional roentgenogram from the metaphysis at three weeks, showing excessive 
periosteal bone formation and cancellous bone hypertrophy. New bone formation 
occurs at the bone-implant interface. 
Fig.VI.12: Cross-sectional roentgenograms at six weeks. Increased condensation of the trabecular 
bone, and almost circumferential periosteal bone apposition are demonstrated. Note the 
bone remodelling activity in the diaphyseal cortex, and new bone formation around the 
tip of the implant (prosthetic tip removed). 
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Fig.VI.13: Anteroposterior view at four months postoperatively. Sclerotic appearance of the entire 
metaphysis. A vague radiolucent line is present along the proximal part of the 
uncemented implant. 
Fig.VI.14: Cross-sectional roentgenograms from the femur depicted in fig.VI.13, showing the 
uniform thickening and complete condensation of the metaphyseal bone. Areas of direct 
contact between the prosthesis and bone are confined to the diaphyseal level. 
Intramedullary bone formation has occurred below the tip of the implant. 
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the operated femur, which had healed with gigantic callusformation. For that 
reason, this bone specimen was not further processed. Anteroposterior and 
oblique high-contrast radiographs of the animal with a 4 months follow-up 
showed an extreme density of the entire metaphyseal bone structure, and 
thickening of the calcar femoris (Fig. 13). A vague radiolucent line was observed 
at the metaphyseal part of the bone-implant interface. Some new bone 
formation had occurred around the tip of the prosthetic stem. The cross-
sectional roentgenograms demonstrated that the progressive cancellous bone 
hypertrophy had resulted in a complete disappearance of the trabecular structure 
(Fig. 14). 
VI.4 DISCUSSION 
Serial roentgenographs can provide useful information in the assessment of 
implant fixation in the postoperative course of time1. Many authors have 
discussed the significance of cement fractures, radiolucent lines, prosthetic 
subsidence and changes in bone density with respect to clinical failures of 
cemented arthroplasties '3,29,31. However, radiographic criteria for mechanical 
loosening are not well-defined. Migration of prosthetic components, which can 
be revealed by roentgen stereophotogrammetric analysis23, or the appearance of 
a black line between a fixed superolateral triangle of radiopaque cement and a 
curved femoral stem24, are probable signs of early loosening. The occurrence of 
a radiolucent line at the bone-cement interface is the most frequently observed 
radiographic phenomenon in cemented arthroplasties2,29. The exact nature of 
this radiolucency is unknown, although many possible explanations have been 
suggested. These include primary (early) radiolucencies due to inadequate 
cementing techniques3 or (secondary) radiolucencies representing fibrous tissue 
formation following the resorption of necrotic bone27,37. The presence of a 
radiolucent line does not necessarily indicate impending prosthetic failure2,27,29, 
although a progressive widening of the radiolucent zone beyond 2 mm is highly 
suggestive of loosening19,31. Conversely, the absence of a radiolucent zone does 
not exclude prosthetic component loosening. For instance, the radiolucent zone 
may be progressively obliterated by a migrating prosthesis. Moreover, recording 
radiolucent lines from roentgenograms is notoriously inaccurate. Personal bias 
and interobserver variability can significantly affect results5,19. Conventional 
radiographs have inherent shortcomings in density resolution, due to 
overprojection. In addition, an apparent radiolucency may not be real, but 
caused by two materials of greatly differing radiographic density ('Mach-
effect')5. Folds in the cement mantle can be erroneously interpreted as cement 
fractures21. 
Various studies have displayed the errors involved in magnification factors and 
different positioning of the patient relative to the X-ray source12. Several 
methods for standardization of radiographic techniques to minimize such 
errors, have been advocated1,20. 
104 
In our present study, subtle changes in the position of the femurs at contact 
radiographs indeed yielded significant discrepancies in the images of the bone-
cement interface. Consequently, the disadvantage of standardized techniques 
for serial radiographs may be, that important details with respect to implant 
fixation are consistently overlooked or misinterpreted. With this in mind, it is 
crucial to search for other techniques which add a third dimension to the routine 
radiography in the clinical situation, similar to our cross-sectional 
roentgenograms. 
Computed Tomography and Magnetic Resonance Imaging do not provide 
additional information with respect to the bone-implant interface, mainly due to 
image distortion by the prosthesis21. We were surprised to find cement defects at 
the entry of the nutrient artery. The low-viscosity cement was not inserted into 
the medullary cavity until its viscosity had increased in such a way, that a certain 
pressure could be applied to achieve adequate cement penetration into the 
cancellous bone. 
Next, the period of pressurization within the femur was consistently prolonged 
until the cement viscosity had increased sufficiently to obtain adequate 
tamponade, and only then was the prosthesis implanted. In spite of these efforts, 
in many cases the cement had obviously been displaced by bleeding, similar to 
recent reports from laboratory experiments3. Our findings illustrate, that 
mixing and handling of low-viscosity acrylic cement in the clinical situation may 
lead to undesirable interruptions of the cement-bone interlock, even when the 
guidelines of the manufacturer are meticulously put into practice. This raises 
doubts about the clinical value of in vitro experiments28 into the intrusion 
characteristics of different brands of cement, when the potentially deleterious 
effects of bleeding are not taken into account. 
The most prominent early radiographic change in the cemented group was the 
progressive development of a radiodense margin in the metaphyseal cancellous 
bone, representing trabecular bone hypertrophy adjacent to the implant. The 
radiopaque line was separated from the superolateral cement mantle by a small 
radiolucent zone. This phenomenon has been attributed to micromovements at 
the bone-cement interface7. Paul and Bargar25 concluded from an experimental 
study in dogs that fibrous tissue formation did not occur when mechanical 
stability was optimized by adequate cement penetration into the metaphyseal 
trabecular bone. In spite of the fact that they inserted the cement in a low-
viscosity state less than one minute after mixing, disruption of the bone-cement 
interface by bleeding was not mentioned. Radin et al.26 established a direct 
relationship between the development of a fibrous membrane and the loss of 
mechanical integrity at the bone-cement interface after hip arthroplasties in 
sheep. They found no evidence of exothermic necrosis or chemical toxicity. The 
roentgenstereophotogrammetric studies of Mjórberg et al.23 did not corroborate 
these reports. They suggested, based on radiographic evaluations and theoretical 
predictions from Huiskes15, that thermal injury during cement polymerization 
is far more detrimental to the bone-cement interlock than inferior penetration of 
cement into the bone irregularities. 
Our findings incline toward the latter theory. In the majority of the femurs from 
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the goats with a short follow-up time, the cement was shown to be adequately 
packed against the cancellous bone interstices initially. In spite of our efforts to 
practise modern cementing techniques, the cement did not penetrate deeply, 
partly due to the dense shell-like structure of the trabecular bone in goats. Only 
incidentally, small gaps were noticed at the bone-cement interface. 
In the course of time however, progressive bone resorption was recognized 
together with the formation of a trabecular hypertrophic zone. Nevertheless, the 
cement mantle remained supported by bony bridges. 
The animals in question demonstrated, that such a situation is compatible with 
satisfactory clinical results22, since their gait prior to sacrifice was normal and 
their implants were classified as stable35. 
The lacunae in the diaphyseal cortex as observed at six months postoperatively, 
may be referred to as 'secondary medullary cavities', thus supporting the 
hypothesis that nature by all means tries to restore the medullary circulation, in 
spite of an intramedullary implant being present8. 
It needs no argument, that the interpretation of radiographs to evaluate 
uncemented hip prostheses yields virtually the same problems as in cemented 
arthroplasties. Of course, it would be helpful if radiographic changes in bone 
density and apparent architectural changes provided definite evidence of 
adaptive bone remodelling and alterations in stress transfer. However, the nature 
of bone reactions cannot possibly be detected if the surfaces of uncemented 
implants are non-planar and irregular, obscuring the interfacial zone or 
radiolucencies, in case these are present33. The quality of routine radiographs 
has shown to be insufficient to follow the changes in the bone-implant interfaces 
when cementless devices are used1. With this in mind, it is at least disputable to 
use routine radiographs for the classification of uncemented prosthetic fixation, 
as reported by Engh et al.9. 
Similarly, a phenomenon like stress shielding9,18, cannot be correlated straight 
away with radiographic findings. 
Apart from radiographic variables, it should be noted that differences in bone 
density on radiographs may also be related to changes in patients activity level, to 
the age of the patient and to the volume ratio of the implant and the bone. 
Our experiment once more confirmed the relative value of routine X-rays. 
Although the majority of the A.P. and oblique radiograms in our uncemented 
group were suggestive of satisfactory bone-implant contact, the cross sections 
yielded almost adverse pictures. The early sharp radiolucency around the stem 
tips presumably represented slight micromovements. A much more definite 
expression of continuous mechanical stimuli, was the remarkably progressive 
condensation of the cancellous bone in the trochanteric area14, appearing 
almost sclerotic at 4 months postoperatively. Additionally, tremendous and 
almost circumferential periosteal bone apposition occurred, which was 
presumed to be enhanced by mechanical stimuli as well36. Bone resorption was 
far less conspicuous, while diaphyseal remodelling activity occurred earlier than 
in the cemented group, the latter being related to a more rapid revascularization 
around the uncemented implants36. 
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Although the gaps between our uncemented prostheses and the surrounding 
bone were progressively filled with newly formed bone, this did not result in the 
establishment of new intimate bone-implant contacts. Unfortunately, the 
animal with a six months follow-up time had to be disqualified from our study, 
leaving only the goat which was killed at four months postoperatively for a 
longer-term study. This animal had shown a normal gait, and the implant was 
grossly stable at sacrifice35. Radiographically, the entire metaphysis appeared 
generally sclerotic. Direct bone-implant contact was only found incidentally, 
mainly at the diaphyseal level. Apparently, a soft tissue membrane remained at 
the implant surface. This may be due to inadequate biocompatibility of 
polyacetal30, to the smooth implant surface4 or too early weightbearing16,17, 
resulting in micromovements at the interface6. 
In conclusion, our radiographic study revealed, that extensive metaphyseal bone 
resorption occurred around the cemented prostheses, suggestively due to adverse 
effects of the acrylic cement. However, persistent bony bridges yielded clinical 
stability of the implants. This was confirmed by minor changes in bone density 
and moderate periosteal bone formation. In contrast with this, the uncemented 
specimens showed progressive condensation of the metaphyseal bone and gross 
periosteal bone formation. Presumably, these phenomena were initiated by 
inadequate initial stability of the prostheses and subsequent changes in local 
stress patterns. However, this did not result in marked bone resorption. Early 
new bone formation occurred at the interface, but bone ongrowth to the 
prosthetic surface was not encountered. 
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CHAPTER VII 
Histologic changes following cemented and 
uncemented hip arthroplasty 
A comparative study in goats 
ABSTRACT 
Histologic changes in the femurs of goats were studied, comparing cemented 
implants with 'custom-made' uncemented prostheses, following standardized 
surgical preparation of the bone. The primary reactions in the cemented group 
were characterized by massive resorption of metaphyseal trabecular bone. Bone 
necrosis was much more extensive compared to the uncemented group, most 
certainly due to side-effects of the acrylic cement. Dead bone was progressively 
replaced by fibrous tissue, with deterioration of the bone-cement interlock, 
while localized areas of direct bone-to-cement contact remained present. In both 
groups, bone remodelling occurred earlier in the metaphysis, compared to the 
diaphysis, due to the specific architecture and more extensive vascularity of 
cancellous bone. 
In the uncemented group, bone resorption was much less conspicuous. 
Appositional lamellar bone and newly formed woven bone filled the gaps at the 
bone-implant interface. In general, bone remodelling in the uncemented group 
occurred more rapidly compared to the cemented group. A combined vascular 
and mechanical etiology was suggested, the latter being substantiated by the 
condensation of trabecular bone, and the presence of a fibrocartilaginous 
interface. 
Massive periosteal bone apposition in the uncemented group could not 
exclusively be attributed to vascular changes, nor was inferior biocompatibility 
of polyacetal a probable cause. Therefore, this phenomenon was also presumed 
to be caused by mechanical stimuli, such as relative motions between the 
implants and the bone. Our findings indicated that inadequate primary implant 
stability does not necessarily result in initial endosteal bone resorption. Most 
likely, prosthetic material and design play a role in this respect. 
Submitted for publication in the Journal of Arthroplasty (1988) By J. de Waal 
Malefijt, T.J.J.H. Slooff, R. Huiskes. 
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VII. 1 INTRODUCTION 
Aseptic loosening is the most common complication of cemented hip 
arthroplasties (23). Although it was shown that failure of the interface between 
metal implants and bone cement may be correlative with subsequent failure of 
arthroplasties, the bone-cement interface is the key region for implant loosening 
(26,50). Concurrent with many reports about the deleterious effects of acrylic 
cement with respect to the bone-cement interlock, new interest emerged in 
concepts of cementless fixation, based on bone-tissue interlocking with porous 
surfaced or structured prostheses. A vast number of previous studies have 
focused on the bone tissue response to cemented and uncemented hip 
arthroplasties, using bone-implant specimens derived from human hips or from 
animal experiments (3,8,16,17,22,24,29,30,39,47,51,63). Although these reports 
have elucidated many different aspects of the bone-implant interactions, further 
assessment of the basic biological processes is mandatory to improve our 
understanding of what actually occurs at the interface. We developed an animal 
model which enabled a comparison of the sequential bone reactions in the first 
six weeks after the implantation of cemented and uncemented 'press-fit' femoral 
endoprostheses in goats. An identical surgical approach and standardized 
preparation technique of the medullary canal were used. Apart from 
conventional histologic processing, we practised refined embedding techniques 
on serial cuts to obtain representative pictures of the bone-implant interface 
(11,59). The histologic Findings from our comprehensive study are presented 
here. 
VII.2 MATERIAL AND METHODS 
Forty-four healthy skeletally mature female African pygmy goats were used for 
this study. Each of them received a single injection with 500 mg ampicillin as an 
antibiotic prophylaxis. After surgical exposure of their right hip joint ana 
femoral neck osteotomy, the medullary canal was carefully reamed and a plastic 
plug was inserted. Next, lavage and drying of the bone were performed. In 
twenty-two animals, a cemented CoCr-prosthesis was implanted in the proximal 
femur, practising modern cementing techniques. Sulfix-6 low-viscosity cement 
was pressurized into the medullary canal in a retrograde fashion, using a time 
schedule according to the guidelines of the manufacturer. The femoral canal was 
kept occluded during insertion of the prosthesis, to maintain pressure on the 
cement. The remaining twenty-two animals received an uncemented prosthesis. 
After preparation and plugging of the proximal femur as in the cemented cases, 
a print of the medullary cavity was manufactured by means of a two-component 
non-toxic silastic supplied by the dental department (Xantopren/Elastomer). 
The snap-cured silastic mould thus obtained, served as a guideline model to cut 
and grind a polyacetal prosthetic stem in visual approximation with the 
geometry of the femoral canal. Next, the plastic plug which had been inserted 
initially, was removed again. A CoCr-head was adjusted to the conical-shaped 
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stem of the plastic prosthesis, which was subsequently inserted 'press-fit' in the 
proximal femur* 
Postoperatively, a radiographic evaluation of the operated hips was consistently 
performed (62). The animals were left immobilized in a special hammock and 
allowed to start weightbearing after three days, and their ability to walk was 
documented every week (60). For the purpose of assessing new bone formation, 
every animal was subcutaneously injected with fluorochromes daily, changing 
the dye at weekly intervals. Four fluorochromes were given in the following 
sequence and dosage: 
Oxytetracycline 15 mg/kg, calcein blue 30 mg/kg, alizarin complexon 30 mg/kg, 
calcein 20 mg/kg and again Oxytetracycline 15 mg/kg. 
At weekly intervals, at least three goats were sacrified up to the sixth 
postoperative week, in order to assess the consistency of the sequential tissue 
reactions. T\vo goats from both groups were killed after four and six months 
respectively, yielding an impression of the longer-term behaviour of the 
implants. At sacrifice, the hindlegs of a selective group of the animals were 
perfused with bariumsulphate for microangiography (61). In the remaining 
cases, perfusion was performed with Karnovsky's solution for optimal tissue 
fixation. Both femurs were carefully harvested by an exarticulation in the hip and 
the knee joint, leaving an ample muscle cover and the periosteum intact. The left 
femur served as a control. At gross examination, none of the cemented specimens 
showed mobility at the interface, while only a few uncemented prostheses were 
slightly movable by manual force (60). Signs of infection were not encountered in 
any animal. The bones were first immersed in a 4 percent buffered formol 
solution. Subsequently, the unembedded fixed femurs were sectioned 
transversally by means of a water-cooled diamond saw (WOCO, Conrad, FRG), 
yielding cross section blocks from the proximal and lower part of the metaphysis, 
the diaphysis and a section near the tip of the prosthetic stem. Contact 
radiographs were obtained from the entire femurs and from the cross sections 
(62). For the purpose of histologic assessment, four different techniques were 
used for each of these cross-sectional blocks. 
1) Staining with basic fuchsin, in particular to visualize bone-to-cement contact. 
One millimeter sections were dehydrated with a solution of 2.5 percent basic 
fuchsin in alcohol. The slices from the cemented specimens were subsequently 
embedded in specific epoxy resins (12), while the sections from the 
uncemented group were embedded in methylmethacrylate. Ultimately, the 
sections were cut with a Leitz 1600 diamond saw and ground to a thickness of 
50-60 microns. 
2) Microradiography yielded representative pictures of the changes in bone 
structure and new bone formation. Following the same embedding procedure 
as for fuchsin staining, slices were obtained with a thickness of 50-70 microns. 
* Both the cemented and uncemented prostheses were fabricated by Robert 
Mathys Co, Bettlach, Switzerland. 
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These slices were placed directly on Kodak spectroscopic safety film, type 
649-0, and photographed with a Philips self-rectifying X-ray generator, type 
PW 1008. 
3) Fluorescence microscopy demonstrated sequential labelling of newly formed 
bone, thus enabling systematic documentation of processes such as growth, 
remodelling and regeneration of bone. The embedding technique was similar 
to the methods mentioned hereabovc. All sections were cut and ground to a 
thickness of 50-70 microns. 
4) Staining with haematoxylin and eosin proved to be indispensable to assess the 
extent of bone necrosis as well as fibrous tissue constituents and cell types. 
Additional alcian blue staining enabled visualization of osteoidformation, 
which was represented by a blue colour. The remainders of the cross-sectional 
blocks were decalcified in 25 percent ethylene-diamino-tetra-acetic acid, 
followed by dehydration with alcohol and embedding in paraffin. Slices were 
cut with a sliding microtome (Jung model K) and were stained with 
haematoxylin and eosin, and alcian blue respectively. 
The photographs at low magnification were taken with a Zeiss Tessovar camera, 
while the Zeiss Photomicroscope II was used for the remaining photographs. For 
the purpose of fluorescence microscopy, we used the vertical illuminator III RS 
and incident light excitation. 
VIU RESULTS 
In the description and discussion of our histologic findings, emphasis will be put 
on a comparison of sequential changes in both animal groups. The sections from 
the different anatomic levels in the operated femurs were consistently compared 
with those of the control femurs. 
Since no specific measurements were made, the observations are only graphic 
and descriptive, and not suitable for statistical analysis. The control specimens 
showed osteons with vital osteocytes, regularly distributed over the cortex and 
bone trabeculae. Many varying combinations of the structural patterns were 
encountered in the diaphyseal cortex. Although some scattered fluorochrome 
labelling was noticed incidentally, no specific remodelling activity was found. 
From a topographical point of view, it was decided to describe the bone reactions 
in every individual operated femur with emphasis on the difference between the 
metaphyseal trabecular bone and the diaphyseal compact cortex. 
VII.3.1 Cemented group 
At one week postoperatively, the metaphyseal sections demonstrated that 
cement had extended into the interstices of the cancellous bone in most areas 
(Fig.l). Direct contact between cement and bony trabeculae alternated with 
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occasional small gaps, which were occupied by remnants of a hematoma. 
Frameworks of fibrin containing bloodcells were found, together with necrosis 
and some fibroblasts. Intimate contact between the cortical bone and cement 
predominated diaphyseally {Fig.2). 
At two weeks, the bone marrow which was not directly bordered by cement, 
generally yielded a normal appearance. At these sites, some osteoblastic activity 
developed along the metaphyseal bone trabeculae (Fig. 3). 
Scattered empty osteocyte lacunae represented areas of trabecular bone necrosis. 
In the areas where papillary shaped protuberances of cement immediately 
bordered trabecular haemopoietic bone marrow, an inflammatory reaction 
occurred, characterized by accumulations of polymorphonuclear leucocytes, 
admixed with lymfocytes, plasmacells and macrophages. Some fibrine layers 
and dense masses of erythrocytes were still present. Obvious fibrous tissue 
formation was noticed. It appeared that extensive trabecular bone resorption 
was particularly initiated from this inflammatory tissue. The interfacial tissue 
thus more or less invaded the trabeculae abutting on to the cement by marked 
resorption of necrotic bone, which was replaced by fibrous tissue (Fig.4). 
By three weeks, osteoclasts were only incidentally observed (Fig.5). A dense layer 
of fibrous tissue was interposed between the metaphyseal bone and cement, 
alternating with many areas of direct bone-to-cement contact (Fig.8). The 
interfacial membrane now yielded a regular appearance of the collagenous fibre 
bundles, which were orderly arranged with an orientation parallel to the cement 
surface (Fig. 5). 
Fig.VII.l: 1 week, cemented, metaphyseal section (microradiogram χ 16). Trabecular bone space, 
completely filled with cement (dotty structure). 
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Fig.VlI.2: 1 week, cemented, diaphyseal section (fuchsin χ 16). Cortical lamellar bone, directly 
bordered by acrylic cement. 
Fig.VII.3: 2 weeks, cemented, metaphyseal section (HEx40). Bone trabecule (T) adjacent to the 
cement surface (C). Inflammatory infiltrates are present where bone marrow tissue was 
displaced by cement. Osteolysis occurs near the tip of the trabecule (arrows), which 
shows necrosis in selected areas. Osteoblasts are seen at the opposite side of the 
trabecule. 
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Fig.VII.4: 2 weeks, cemented, metaphyseal section (HEx40). Severe osteolysis, necrotic trabecular 
bone is progressively replaced by fibrous tissue (arrows), with increased thickness of the 
interfacial membrane as a result (C = cement). 
Fig.VII.5: 3 weeks, cemented, metaphyseal section (HEx40). Orderly structured fibrous tissue 
membrane with a recent hemorrhage near the cement surface. Osteoclastic activity is 
only seen occasionally (arrows). At the opposite side of the trabecula, normal 
haemopoietic tissue is recognized. The lamellar bone is populated by osteoblasts. 
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Progressive osteoblastic activity and some apposition of new lamellar bone were 
obvious at the opposite side of the bone trabeculae. Moderate periosteal bone 
apposition was shown, predominantly at the metaphyseal level (Fig. 6). In the 
diaphyseal cortex,intracortical bone remodelling occurred, being most 
prominent in the outer part of the cortex. The endosteal one-half of the cortex 
was completely necrotic (Fig. 7). 
At four weeks, the metaphyseal trabeculae which still supported the cement, 
were buttressed by surface apposition of new bone (Fig. 8). From the fifth 
postoperative week, a layer of osteoblasts covered the metaphyseal trabecular 
bone adjoining the fibrous membrane, while woven bone was deposited 
intramembranously (Fig. 9). The membrane itself consistently showed two 
distinct histologic zones. A dense fibrous membrane with a quiescent 
appearance was found immediately adjacent to the cement, lined by 
multinucleated giant cells and an occasional mononuclear histiocyte at the 
cement surface (Fig. 10). The bone side of the membrane consisted of 
fibrovascular tissue which blended into the bone, sprinkled with mononuclear 
histiocytes and fibroblasts around newly formed woven bone. Intramembranous 
ossification occurred, being characterized by thin strands of bone matrix, 
surrounded by many osteoblasts (Fig. 11). Woven bone formation was 
consistently oriented parallel to the cement surface. The diaphyseal cortex 
demonstrated progressive bone remodelling at five weeks. Resorption cavities 
continued to appear, subsequently being filled by newly deposited lamellar bone. 
The first signs of reorganization at the endosteal side of the cortex became 
visible, in particular in the areas where a small layer of fibrous tissue was 
interposed at the bone-cement interface (Fig. 12). 
Fig.VII.6: 3 weeks, cemented, metaphyseal section (microradiogram χ 16). Periosteal bone 
formation at the anteromedial side of the metaphysis, with periosteal 
hypervascularization as illustrated with micropaque-filled vessels. The outer part of the 
cortex shows some remodelling activity (c = cement). 
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Fig.VII.7; 4 weeks, cemented, diaphyseal section (НЕхІб). The endosteal one-half of the cortex 
shows empty osteocyte lacunae, invariably indicating extensive bone necrosis. A small, 
undifferentiated membrane is present at the interface. Progressive bone remodelling 
occurs in the outer half of the cortex. 
Fig.VII.8: 4 weeks, cemented, metaphyseal section (fuchsin x40). Trabecular bone (T), which has 
remained in close contact with cement (C), is reinforced by (darkly stained) appositional 
new bone. 
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Fig.VII.9: 5 weeks, cemented, metaphyseal section (НЕхІб). The trabecular bone is populated by 
many osteoblasts (arrows). There is prominent production of woven bone at the bone 
side of the interfacial membrane, whereas quiescently structured fibrous tissue borders 
the cement surface (C). 
«,> 
Fig.VII.lO: Detail from Fig.VII.9 (HEx40). Woven bone, populated with osteoblasts, is deposited 
with an orientation parallel to the cement surface. The fibrous membrane is surfaced by 
many multinucleated giant cells (arrows). 
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Fig.VII.ll: Another detail from Fig.VII.9 (HEx40). Intramembranous ossification at the bone-
cement interface (arrows) (C = cement). 
Fig.VII.12: 5 weeks, cemented, diaphyseal section (HEx40). Resorption lacunae at the endosteal side 
of the cortex, with osteolysis of necrotic bone by active osteoclasts (arrows). A small 
fibrocartilaginous membrane borders the cement surface (C). 
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At six weeks, progressive resorption of necrotic endosteal bone occurred (Fig. 
13). Fluorescence microscopy consistently displayed the sequential changes as 
observed by light microscopy. Moderate reinforcement of the metaphyseal 
trabeculae by lamellar bone apposition was mainly restricted to the areas 
adjacent to the cement (Fig. 14). Newly formed bone had reinforced the 
trabeculae abutting on to the cement surface (fig. 15). 
Diaphyseally, intracortical bone remodelling prevailed, and the first signs of new 
bone formation occurred at the endosteal side (Fig. 16). The specimens from the 
animal with a four months follow-up time were characterized by active and 
extensive bone resorption, primarily confined to the metaphyseal level (Fig. 17). 
Although some selected points of bone-cement contact were still present, a thick 
fibrous membrane was found, whereas exceeding numbers of osteoclasts covered 
the bone trabeculae. The bone side of the membrane consisted of fibrovascular 
stroma, and the middle layer was composed of dense fibrocartilaginous tissue. 
At the cement surface, the membrane consisted of fibrovascular tissue engulfed 
with dense masses of granular histiocytes, which incidentally contained granules 
of contrast medium as remnants of acrylic cement. At six months, the entire 
cement mantle appeared to be surrounded by dense fibrous tissue, alternating 
with many bony bridges which remained supportive to the implant (Fig. 18). 
The diaphyseal cortex showed many lacunae, which may be referred to as 
'secondary medullary canals', since they were found to contain haemopoietic 
bone marrow histologically. Surprisingly, the collagenous fibres of the 
interfacial membrane were arranged in a mutual perpendicular fashion to the 
cement surface (Fig 19). 
Fig.VIl.13: 6 weeks, cemented, diaphyseal section (HExlOO). Prominent osteoclastic activity in the 
endosteal cortex, which is lined by a fibrocartilaginous membrane (C = cement). 
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VII.3.2 Uncemented group 
At one week, many gaps appeared to be present between the polyacetal 
prostheses and the bone, at all anatomic levels. In spite of our efforts to obtain a 
precise fit, intimate bone-implant contact was found only in selected areas. In 
general, gap filling yielded the same picture at the metaphyseal and diaphyseal 
levels. A striking osteoblastic activity was found along the metaphyseal 
trabeculae at the bone-marrow side, by the first postoperative week (Fig. 20). 
Initially, a haematoma filled the bone-implant gaps, yielding a structure parallel 
to the implant surface (Fig. 21). In many areas, the implant side of the developing 
membrane contained a layer of inflammatory cells. 
At two weeks, fibrous tissue formation was evident, with a loose fibrovascular 
stroma lining the endosteal bone. In contrast with the cemented specimens, 
osteoclasts and endosteal bone resorption were found only exceptionally. 
Osteoblastic activity predominated along the trabecular bone. Woven bone was 
already deposited at the bone side of the membrane by this time (Fig. 22). A 
generalized reinforcement of the trabeculae occurred by rapid concentric 
apposition of new lamellar bone (Fig. 23). 
Only a few scattered osteocytes lacunae were empty, indicating less extensive 
bone necrosis in comparison with the metaphyseal trabeculae in the cemented 
group. The same was found in the diaphyseal sections, where cortical necrosis 
was largely confined to a narrow endosteal zone. 
Obvious signs of bone remodelling were present already in the cortex, reflected 
by numerous scattered resorption lacunae. 
By three weeks, generalized osteoblastic activity and apposition of new lamellar 
bone were still prominent metaphyseally (Fig. 24). The interfacial fibrous 
membrane could be divided into three histologic zones. Woven bone was 
progressively deposited at the bone side, with a parallel orientation to the 
implant surface. The middle zone was composed of loose fibrovascular stroma. 
A cell-rich layer was found at the implant side of the membrane, containing 
polymorphonuclear leucocytes, numerous histiocytes, some lymphocytes and an 
occasional multinucleated giant-cell (Fig. 25). Marked periosteal bone 
formation was observed metaphyseally, but also at the diaphyseal level (Fig. 26). 
Extensive remodelling was present throughout the diaphyseal cortex. New 
lamellar bone was deposited in multiple scattered resorption lacunae. 
At four weeks, the endosteal diaphyseal cortex consistently showed a narrow 
zone of bone necrosis (Fig. 27). The fibrous tissue membrane at this level 
demonstrated virtually the same architecture as was found in the metaphysis. A 
similar picture was obtained at five weeks, woven bone being progressively 
deposited towards the implant (Fig. 28). However, a fibrous membrane persisted, 
encapsulating the prosthetic stem (Fig. 29). 
At six weeks, the gaps between the metaphyseal bone trabeculae and the implant 
were filled almost completely with new woven bone, but a fibrous tissue layer 
remained interposed between the implant and the bone (Fig. 30). Prominent 
circumferential periosteal bone apposition had occurred along the metaphysis, 
extending to the diaphyseal level (Fig. 31). Impressive and uniform reinforcement 
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of the bone trabeculae was found. This phenomenon was most pronounced in 
the vicinity of the implant, where previous marrow spaces were completely 
obliterated by newly formed lamellar bone (Fig. 32). 
Diaphyseally, newly formed mineralized bone in the bone-implant gaps and 
periosteal bone apposition were also consistently visualized by fluorescence 
microscopy (Fig. 33). Unfortunately, the animal with a follow-up of six months 
had to be disqualified because of multiple fractures in the operated femur, which 
had healed with gigantic callus formation. Thus, only the four-months specimen 
was left for a longer-term impression of tissue reactions. The metaphyseal 
trabecular bone spaces were filled almost completely with new bone (Fig. 34). 
The proximal part of the prosthetic stem was entirely surrounded by interfacial 
tissue, while areas of direct bone-implant contact were confined to the lower part 
of the metaphysis and the diaphysis. 
Histologically, active bone remodelling could not be recognized (Fig. 35). The 
endosteal bone was contiguous with the interfacial tissue, which had the typical 
appearance of fibrocartilage (Fig. 36). 
Fig.VH.14: 6 weeks, metaphyseal section (fluorescent light xl6). Lamellar bone is concentrically 
deposited on the surface of bone trabeculae adjacent to the cement (dotty material). The 
newly formed bone is labelled mainly with calcein, alizarin complexon and tetracycline, 
which were administered 3 to 5 weeks postoperatively. 
Fig.VII.15: Detail from Fig.VII.14 (x40). In selected areas, new bone is formed onto the cement 
surface, buttressing the trabeculae. 
Fig VII 16: 6 weeks, cemented, diaphyseal section (fluorescent light xl6). Cortical remodelling; 
lamellar bone is concentrically deposited on the bone surface of many resorption 
lacunae, even at the bone-implant interface. 
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Fig.V11.17: 4 months, cemented, metaphyseal section (HEx40). Prominent osteolysis of living bone, 
and cell-rich interfacial tissue, predominantly containing histiocytes. 
Fig.VII.18: 6 months, cemented. Cross-sectional roentgenograms from different levels. 
Metaphyseally, the trabecular bone adjacent to the cement has thickened, with a 
deterioration of the bone-cement interlock. Areas of direct bone-to-cement contact are 
still present. The diaphyseal cortex shows the formation of so-called 'secondary 
medullary canals'. 
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Fig.VII.19: 6 months, cemented, metaphyseal section (HEx40). The interfacial fibrous membrane 
displays an alternating orientation of the collagenous fibres. 
Fig.VII.20: 1 week, uncemented, metaphyseal section (НЕхІб). The gap between trabecular bone 
and the implant (I) is predominantly filled with fibrin layers and restituents of 
hemorrhage. The bone trabeculae on the opposite surface are populated by osteoblasts, 
whereas the normal structure of fat-cells and haemopoietic marrow are preserved. 
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Fig.VII.21: 1 week, uncemented, diaphyseal section (HEx40). Developing membrane, mainly 
composed of residual haematoma. A cell-rich zone lines the implant surface (I), 
containing numerous polymorphonuclear leucocytes, some histiocytes and 
lymphocytes. 
Fig.VIl.22: 2 weeks, uncemented, metaphyseal section (HEx40). Formation of the fibrous tissue 
membrane, focally containing remnants of a haematoma at the implant surface (1). 
Newly formed woven bone is visible, surrounded by osteoblasts (arrows). 
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Fig.VII.23: 2 weeks, uncemented, metaphyseal section (HEx40). A trabecular bone marrow space in 
the vicinity of the implant is progressively invaded by fibrous tissue. New woven and 
lamellar bone are concentrically deposited on the bone surface (arrows). 
Fig.VII.24: 3 weeks, uncemented, metaphyseal section (НЕхІб). The bony trabeculae show scattered 
areas of bone necrosis, as evidenced by empty osteocyte lacunae. Osteoblasts cover the 
residual trabeculae. The fibrous tissue membrane consists of three distinct zones. 
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Fig.VIl.25: Detail from Fig.VII.24 (HEx40). Viable woven bone is present along the bone side of the 
membrane on the lower left. The middle zone of the membrane shows dense and orderly 
arranged fibrous tissue. The implant surface on the upper right is bordered by a cell-rich 
layer, containing numerous histiocytes and polymorphonuclear leucocytes. 
Fig.VII.26: 3 weeks, uncemented, metaphyseal section (microradiogram xl6). The anteromedial 
cortex shows active remodelling, characterized by many resorption lacunae. There is 
prominent periosteal apposition of new bone. 
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rig.VII.27: 4 weeks, uncemented, diaphyseal section (НЕхІб). Necrosis of bone, as evidenced by 
empty osteocyte lacunae, is confined to a narrow zone in the endosteal cortex. New 
lamellar bone is deposited on the bone surface by a dense layer of osteoblasts (arrows), 
and woven bone formation is recognized at the bone side of the bone-implant interface. 
A cell-rich layer borders the implant (I). 
ig.VII.28: 5 weeks, uncemented, diaphyseal section (НЕхІб). Progressive woven bone formation is 
contiguous with the endosteal cortex, which shows a narrow necrotic zone, represented 
by empty osteocyte lacunae. A thick and dense fibrous membrane has developed between 
the bone and the implant (I). 
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Fig.VII.29: Detail from Fig.VII.28 (НЕх40). The implant side of the interfacial membrane is 
populated with many multinucleated giant cells, admixed with histiocytes. 
Fig.VII.30: 6 weeks, uncemented metaphyseal section (НЕхІб). Newly formed lamellar bone 
(arrows) along the trabecular bone, and woven bone formation filling up the gap between 
implant (I) and bony trabeculae. A fibrous tissue layer remains present, lining the 
implant surface. 
Fig.VII.31: 6 weeks, uncemented, metaphyseal section (fluorescent light xlO). Lamellar bone is 
uniformly deposited along the bony trabeculae, in particular adjacent to the implant. 
Periosteal bone formation is also labelled with fluorochromes. 
Fig.VII.32: Detail from Fig.VII.31 (HEx40). Trabecular bone space in the vicinity of the implant, 
completely filled with newly formed lamellar bone which is sequentially labelled with all 
fluorochromes. 
Fig.VII.33: 6 weeks, uncemented, diaphyseal section (fluorescent light xl6). Gap filling with woven 
bone and deposition of lamellar bone along the endosteal cortex, labelled with 
fluorochromes from the third postoperative week (alizarine complexon). Newly formed 
periosteal bone is also sequentially labelled. 
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Fig.VII.34: 4 months, uncemented. Cross-sectional roentgenograms from different levels. 
Metaphyseally, the trabecular bone structure has disappeared completely, and the cortex 
with appositional periosteal bone appears sclerotic. Areas of direct contact between the 
implant and bone are only present in the diaphyseal sections. 
Fig.VII.35: 4 months, uncemented, metaphyseal section (НЕхІб). The endosteal side of the cortex 
shows many lacunae, filled with haemopoietic bone marrow. The endosteal bone 
appears to blend (arrows) into fibrocartilage, which borders the implant (I).' 
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Fig.VII.36: Detail from Fig.V11.35 (HEx40). Typical fibrocartilage, the cells of the previous fibrous 
membrane have retained their ellipsoid form. 
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VII.4 DISCUSSION 
The repeatedly quoted historical work of Charnley (8), the comprehensive 
studies of Willert and co-workers (63) and the thorough investigations of 
Vernon-Roberts and Freeman (58), generated a general agreement on the 
sequence of postoperative histologic changes occurring at the bone-cement 
interface. From macroscopic and microscopic studies, carried out on post-
mortem human specimens, they discriminated an initial phase which is mainly 
characterized by bone tissue necrosis and lasts about three weeks. Next, a 
reparative phase occurs, which may continue for up to two years postoperatively, 
followed by a stabilization phase. The possible explanations for these 
postoperative alterations of the bone have been the objective of ample 
discussions for years. They include the general effects exerted by the surgical 
trauma with special reference to interruption of the medullary circulation (52, 
54), reactions caused by the properties and side-effects of acrylic cement (17, 36) 
and the influences of mechanical loads, whether or not accompanied by 
micromotions at the bone-cement interface (15, 27, 31, 40, 51). 
Any intramedullary implantation procedure causes some degree of damage to 
the bone, and a certain devitalization of the endosteal cortex (17). It has been 
shown that cortical necrosis is more extensive, and takes longer to be revitalized, 
when tight-fitting implants or acrylic cement have been plugged into the 
medullary cavity (17,52). There is still considerable debate, whether acrylic 
cement itself adds to the degree of tissue trauma. From their comprehensive 
studies in rats, Sund and Rosenquist concluded that some morphological 
changes in the bone might be attributable to side-effects of cement, but they 
considered vascular trauma to be the major cause of the bone-tissue reactions 
(56). 
In contrast with this report, persuasive evidence has emerged from several 
studies that polymerization heat is circumstantially liable to cause additional 
tissue necrosis, in succession to the surgical trauma (17, 25, 44). The effects of 
cement constituents with respect to bone necrosis have also been the objective of 
many studies. Bone-cement monomer has proven to be potentially cytotoxic (17, 
35), but recent data indicate that the degree of tissue injury in hip arthroplasty is 
limited (36). Theoretically, the cytotoxic effect of residual monomer can be 
enhanced by polymerization heat (25). The catalyst N,N-dimethyl-p-toluidine is 
probably more irritant than monomer, being likely to create a long-lasting 
disturbance of bone mineralization at the bone-cement interface (5). 
In our present study, the cemented specimens invariably exhibited much more 
extensive endosteal bone necrosis than the uncemented ones, at both the 
metaphyseal and diaphyseal levels. Although we did not isolate the separate 
adverse effects of acrylic cement, the literature review elicits us to copsider 
thermal injury to be the denominating factor for the extent of bone necrosis. 
It has been emphasized that the subsequent remodelling process, which is 
initially characterized by resorption of necrotic bone and fibrous tissue 
formation, deteriorates the bone-cement interlock (63). 
Therefore, fixation is never afterwards so firm as at the time of operation. 
Vernon-Roberts and Freeman (58) advocated that the fundamental event 
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causing fibrous replacement of dead bone is fracture of necrotic bone trabeculae, 
the likelihood of which was considered to depend on the extent of initial bone 
necrosis. Many authors considered the occurrence of a fibrous tissue membrane 
as inherent to the use of acrylic cement (33, 39, 63). However, this was made 
questionable by other studies, yielding direct bone-cement contacts in well-fixed 
hip implants, derived from humans (9, 37, 38) and animals (12). Inadequate 
utilization of cement may lead to primary interruptions of the bone-cement 
interface by bleeding (2), whereas shrinkage of cement during polymerization 
may also compromise bone-cement interlocking (43). Recently, a predominance 
of direct bone-cement contact along most of the interface, was reported after 
cemented hip arthroplasties in dogs (47). The authors advocated that their 
practice of modern cementing techniques prevented fibrous tissue formation to 
occur, due to the security of implant fixation. Contrarily, Mjöberg et al. (45) 
concluded from X-ray studies of clinical material, in combination with 
theoretical predictions from Huiskes (25), that the determination of the bone-
cement interlock should be primarily attributed to polymerization heat, rather 
than to inferior penetration of the cement into the bone irregularities. 
While studying the interfacial reactions after using porous cements to fixate hip 
arthroplasties in sheep, Ypma found only a very delicate cell layer at the bone-
cement interface (64). In his opinion, the absence of a substantial fibrous 
membrane could be explained by reduced polymerization heat and diminished 
cytotoxic action, and probably by a better stress distribution. This brings us to 
the most crucial point of the repetitive discussion, whether bone resorption is 
purely a biological response to the surgical procedure or to the implant, resulting 
in micromovements at the bone-cement interface (18), or whether micro-
movements primarily initiate bone resorption to occur (15,27,38,51). It has been 
well established that bone and acrylic cement have different elastic moduli, 
enabling weightbearing stresses to create micromovements at the bone-cement 
interface (42), despite a clinically firm fixation (31). 
Membrane formation around cemented hip prostheses was invariably attributed 
to weightbearing in one animal experiment (55), while another experimental 
study revealed the presence of a fibrous membrane between bone and cement, 
regardless of weightbearing stresses (21). From their recent histologic studies of 
failed human arthroplasties, Johanson et al. concluded that a 'mechanical' and 
'biological' phase are distinctly present in the process of prosthetic loosening, at 
some point becoming operative and serving to perpetuate each other (29). The 
authors, like many other investigators (15,18,34), postulated that mechanical 
instability of the implants resulted in a recruitment of histiocytes into the 
interface and subsequent resorption of adjacent bone. It has been demonstrated 
that macrophages, giant cells and osteocytes belong to the same cell-type (7,46). 
Hypothetically, an accumulation and metaplasia of macrophages to osteoclasts 
may result from microfractures at the cement surface (28), or from excitation by 
products of cell death, bacteria and foreign particulate matter, leading to 
osteolysis at the bone-cement interface (18). 
The specimens from our cemented group indicated that acrylic cement 
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primarily caused extensive bone necrosis. Next, early massive resorption of 
necrotic bone occurred in the metaphysis, initiated by infiltrates of macrophages 
and osteoclasts in the adjacent trabecular bone marrow. 
Although this process resulted in a deterioration of the bone-cement interlock, 
areas of intimate contact between bone and cement remained present, being 
reinforced by new bone, even up to the cement surface. The fact that remodelling 
activity in the metaphyseal bone trabeculae occurred earlier in comparison with 
the diaphyseal cortex, was explained by the specific architecture and more 
extensive vascularity of cancellous bone (47, 61). The zonal condensation of 
trabecular bone along the cement surface presumably represented altered stress 
patterns at the proximal interface, secondary to the decreased bone-cement 
interlock. The pictures obtained from the specimens at four months supported 
the hypothesis that progressive micromotions may occur at a certain point in the 
remodelling process, for instance due to mechanical overload (40), inducing a 
recruitment of histiocytes and progressive bone resorption. Our findings in the 
six-months specimens proved that a steady state may be achieved just as well. 
Here, bone-cement contact alternated with fibrous tissue, which had a quiescent 
appearance. The alternating orientation of the collagen fibre bundles was 
presumably related to the load transfer between the implant and bone. 
It needs no argument, that the different postoperative phases of tissue 
differentiation as described for the cemented implants, can virtually be 
recognized after any implantation procedure (30). The initial bone reactions 
following uncemented fixation of joint implants particularly resemble gap 
healing in fractures (53). Primitive mesenchymal tissue replaces the initial 
hematoma which has remained between the implant and the bone. In the first 
postoperative weeks, osteoblasts may arise directly from this so-called 
osteoprogenitor mesenchyme, depositing woven bone which is later converted to 
lamellar bone (20). However, under certain circumstances, the mesenchymal 
tissue may be replaced by fibrous tissue or fibrocartilage, instead of bone. 
The premise of uncemented fixation is one of long-term implant stability 
through osseointegration which is defined as a direct contact between living 
bone and implant, without any interposed soft tissue layers (1). So far, true 
osseointegration has been reported only from dental prostheses(l). Several 
histologic studies of cementless hip implants in humans (4,16) and in animals 
(3,24) have shown that the actual amount of bone that grows in, even under 
optimal conditions, is small. It is questionable whether total ingrowth at the 
interface is necessary for stable fixation (24). In some clinical reports, 
uncemented implants were invariably shown to be predominantly surrounded by 
a fibrous tissue membrane (19,30,41). From many studies on this issue, it has 
become apparent that there are several important decisive factors in the 
development of the interface between uncemented implants and bone. These 
include the surgical trauma, prosthetic materials and designs, bone quality and 
mechanical loading on the implant. Delicate surgery and sufficiently strong 
bone are needed to achieve optimal initial stability of the implant, which, in turn, 
is a prerequisite for bony ingrowth (1,49). 
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The significance of prosthetic materials and designs in terms of stress 
distribution and biocompatibility, and their consequences for bone remodelling, 
have been well emphasized (21). Certain prosthetic designs and implant 
materials can generate a stress pattern which differs greatly from the 
physiological situation, eventually yielding bone resorption or formation. The 
amount of weightbearing on cementless implants seems to create a crucial 
condition with respect to the likelihood of bony ingrowth. Bone ingrowth may be 
promoted by weightbearing conditions (1), but excessive loads may induce bone 
resorption (48) and fibrous tissue formation (6,14). Under specific loading 
conditions however, a transformation into fibrocartilage and even into new bone, 
may occur (13,30). On the other hand, it has been shown that non-weightbearing 
for extended periods can be deleterious to bone ingrowth (10). 
In our uncemented group, a fibrous membrane remained interposed between the 
implants and bone. It cannot be discerned whether this phenomenon was due to 
inadequate initial stability of the implants (6), to inferior biocompatibility of 
polyacetal (53), or to a combination of both. However, the progressive 
condensation of trabecular bone, together with a metaplasia of the interfacial 
membrane to fibrocartilage, were likely to be a response to altered stresses as a 
result of inadequate implant stability. The more rapid bone turnover in 
comparison with the cemented group, was primarily attributed to early 
revascularization through the gaps between the polyacetal implants and bone, 
although mechanical stimuli probably played an additional role in this respect 
(61). 
Periosteal bone apposition in test animals has been related mainly to blockage of 
the medullary circulation (17,52), although a lack of biocompatibility of the 
implant (57) or deformation of bone (32) were also suggested as possible causes 
of this phenomenon. 
The much more extensive periosteal bone apposition in the uncemented 
compared to the cemented group, was not attributable to long-continued 
blockage of the medullary vascularization, considering the early restoration of 
the circulation around the uncemented implants. 
In both groups, giant cells were similarly found in the interfacial membrane near 
the implant surface, indicating foreign body reactions.The cellular response did 
not indicate that the difference in periosteal apposition should be attributed to 
inferior biocompatibility of our polyacetal implants. The previously described 
tissue changes as well as delayed restoration of function in the uncemented group 
(60), corroborated our presumption that the greater extent of periosteal bone 
apposition in these animals was also induced by local stress changes. 
In conclusion, acrylic cement itself gives rise to extensive additional bone 
necrosis, in succession to the surgical trauma. The subsequent process of repair 
decreases the initial quality of fixation. Thus, the susceptibility for deleterious 
effects of mechanical loading is increased. However, early reinforcement of the 
residual areas of bone-cement contact by appositional new bone, may contribute 
to durable satisfactory clinical results of cemented arthroplasties. 
In the uncemented group, bone necrosis and bone resorption were less, 
compared to the cemented group, and early new bone formation occurred at the 
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bone-implant interface. Unfortunately, a precise fit of the 'custom-made' 
polyacetal prostheses appeared difficult to achieve. As a result, histologic 
changes such as excessive periosteal bone apposition, condensation of 
trabecular bone and a metaplasia of the fibrous interface to fibrocartilage, 
indicated inadequate initial implant stability in the uncemented group. The 
prime goal of osseointegration is more likely to be achieved, when optimal 
primary stability is taken care of. 
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CHAPTER Vili 
Discussion, summary and conclusions 
The premise of any type of arthroplasty as a method of treatment for end stage 
hip disease, is to obtain successful long-term fixation at the bone-implant 
interface. At present, cemented hip replacements yield high success rates, 
particularly in the elderly patient, while reasonable long-term results can be 
obtained in young patients if they are willing to avoid strenuous activity. So far, 
no other method of fixation has yielded such an extensive primary bone-implant 
contact area and potentially uniform stress distribution as can be obtained with 
acrylic cement. It should be noted that the requirement of meticulous surgery, 
which is always mentioned as paramount for adequate fixation of uncemented 
implants, is of no less importance in cemented hip arthroplasty. The use of 
contemporary cementing techniques will probably further improve long-term 
clinical success. Nevertheless, a number of adverse effects are inherent to the use 
of acrylic cement, as summarized in Chapter 1. 
The imperfections of cemented implantation prompted a world-wide search for 
renewed fixation techniques, with the ultimate purpose to achieve a biological 
fixation of implants to bone by means of bony ingrowth. This resulted in the 
utilization of many different prosthetic materials and designs, as reviewed in 
Chapter II. 
To date, longest experience with cementless hip arthroplasty in humans has been 
gained from implants with macroprofiled surfaces. The high rates of clinical 
success of these implants have not yet exceeded those achieved with cemented 
fixation. Clinical experience with bioreactive surfaces and porous coatings is 
relatively short, but numerous animal experiments have provided valuable data 
on the issue of bone tissue reactions to these surface structures. In general, snug-
fit implantation and absolute primary stability of uncemented implants are 
unanimously considered to be imperative for bony ingrowth to occur, whereas 
the amount of weightbearing also plays a crucial role. However, histological 
sections from human material have consistently shown that the actual amount of 
bony ingrowth of uncemented implants, even under optimal conditions, is small. 
It seems that a combination of limited bone ingrowth and extensive ingrowth of 
fibrous tissue yields adequate fixation and satisfactory clinical results of 
uncemented arthroplasties. It remains to be seen whether this also holds for 
uncemented revisions, the preliminary results of which seem promising. 
The bone-implant interface plays a key role in prosthetic loosening. In this 
context, it should be discerned that most data obtained from comparative studies 
between cemented and uncemented implants are based on a variety of prosthetic 
designs and different patient populations. The relative value of animal-
experimental data should be acknowledged (Harms et al. 1978, Bobyn et al. 
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1980). One of the reasons why adaptive phenomena around implants are more 
prominent in animal experiments, may be the fact that commonly healthy 
(and physiologically younger) animals are used (Huiskes et al. 1987). However, 
fundamental aspects of bone remodelling processes are not different from those 
in humans (Draenert and Draenert 1981). With this in mind, we developed an 
animal model which enabled a systematic comparison of the bone reactions in 
the early postoperative period after the respective implantation of cemented and 
uncemented femoral endoprostheses, as described in Chapter III. 
Owing to a standardized surgical preparation of the medullary cavity, the results 
obtained from both groups could be compared in a reproducible manner. 
Although cementless implants, which consisted exclusively of polyacetal, were 
abandonned in human hip surgery, mainly due to their excessive flexibility 
(Morscher 1984), this plastic material enabled us to adapt the prosthetic stem 
configuration to the medullary geometry at operation. However, it appeared to 
be impossible to produce a precise fit. 
The postoperative gait of each animal was recorded consistently, yielding 
obviously delayed restoration of function in the uncemented group. This 
phenomenon could not be attributed directly to pain, but was suggested to be 
associated with proprioceptive changes. 
It has been established in animal experiments that the surgical procedure for the 
insertion of any intramedullary implant induces bone necrosis and subsequent 
remodelling processes in the proximal femur, particularly due to interruption of 
the medullary circulation. As a result, temporary periosteal hypercirculation and 
apposition of periosteal new bone commonly occur (Rhinelander et al. 1979). 
Our combined microangiographic and fluorescence microscopic study, as 
reported in Chapter IV, revealed amore rapid postoperative bone turnover at the 
proximal levels compared to diaphyseal compact bone, in all animals. This was 
explained by the different architecture and more extensive vascularity of 
metaphyseal cancellous bone. In the uncemented group, a rapid 
revascularization occurred through gaps between the prosthetic stems and bone, 
resulting in earlier bone remodelling activity than in the cemented cases. In 
addition, mechanical stimuli such as relative motions between implant and bone 
were presumed to be present in the uncemented group, which was corroborated 
by the occurrence of intensified periosteal bone apposition in these animals. 
In the past, most histologic studies concerning the bone-implant interface were 
hampered by a loss of the implant from bone-sections with disruption of the 
interface, due to traditional preparation techniques. By using tissue perfusion 
for optimal fixation and refined methods for histological preparation, bone-
implant specimens can be studied with secure preservation of the interfacial 
tissue, in particular by means of scanning electron microscopy (SEM). This was 
illustrated by correlative scanning electron and fluorescence microscopy on 
selected specimens from our cemented and uncemented groups (Chapter V). 
These showed obvious differences in bone turnover, coherent with the pattern of 
revascularization as discussed in the previous chapter. The proximal sections 
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from the cemented specimens were characterized by progressive formation of 
fibrous tissue with a quiescent appearance, alternating with areas of close bone-
cement contact which were shown to be reinforced by bone apposition at six 
weeks postoperatively. No apparent changes were found diaphyseally, where 
direct contact between bone and cement predominated. 
In contrast with this, bone turnover occurred more rapidly in the uncemented 
group, particularly at the metaphyseal level. Early new bone formation was 
found along the bone trabeculae and in the gaps between the plastic prostheses 
and endosteal bone. Nevertheless, the implants remained encircled by fibrous 
tissue, which developed a fibrocartilaginous appearance. Relative movements at 
the bone-implant interface presumably played a role in tissue differentiation in 
the uncemented group. 
The relative value of routine anteroposterior and oblique radiographs in 
assessing the bone-implant interface, was discussed and demonstrated in 
Chapter VI. High-contrast contact roentgenograms of cross sections from the 
femurs in both animal groups provided noteworthy additional information 
about the interface. Many cemented specimens showed disruption of bone-
cement contact at the entry of the nutrient artery, despite consistent 
pressurization of the cement at operation. This evidenced that proper 
application of low-viscosity cement in the clinical situation is hard to achieve. 
The cemented specimens showed progressive resorptive changes in the 
metaphysis. Nevertheless, the cement remained supported by bony bridges, 
yielding grossly stable implants at sacrifice. 
In the uncemented group, bone resorption was much less prominent, while early 
formation of new bone around the implants was a common feature. A 
remarkable, progressive condensation of trabecular bone and extensive 
periosteal bone apposition were found metaphyseally, once more corroborating 
our presumption that altered stress patterns were present at the bone-implant 
interface, due to inadequate initial implant stability. 
In Chapter VII, the results of conventional and fluorescent light microscopy 
were presented, and correlated with data obtained from the literature. Classic 
studies have characterized the general course of bone tissue changes following 
cemented joint replacement procedures. There is still considerable controversy 
over the relative roles played by vascular trauma, adverse effects of acrylic 
cement or mechanical loading, each of which were considered to be potentially 
decisive in tissue differentiation. A similar discussion arose from studies of 
uncemented prostheses. It was shown that long-term fixation by bony ingrowth 
depends on many, probably interrelated variables, such as the surgical procedure 
and primary stability of the implant, prosthetic material and design, bone 
quality and mechanical loads. 
The microscopic study of our cemented implants yielded persuasive evidence, 
that acrylic cement gives rise to considerable additional bone necrosis in 
succession to the surgical trauma. The subsequent changes at the bone-cement 
interface in the early postoperative period were characterized by progressive 
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replacement of metaphyseal trabecular bone by fibrous tissue, which originated 
from reactive infiltrates in the adjacent bone marrow spaces. These changes, 
which were directly related to the extent of bone necrosis, resulted in a 
deterioration of the metaphyseal bone-cement interlock. The subsequent 
condensation of trabecular bone adjacent to the cement surface presumably 
represented altered stress patterns. Direct bone-cement contact predominated 
diaphyseally. 
Our longer-term specimens illustrated that a state of equilibrium can be 
maintained even when direct contact between cement and bone is restricted to 
selected points, but that for some reason the steady state may be broken by 
progressive bone resorption just as well. 
The histologic appearance of the bone tissue around our uncemented implants 
indirectly confirmed our conclusions as drawn from the cemented specimens. 
Although a standardized surgical procedure was used, bone necrosis was much 
less extensive in the uncemented group. There were several indications of 
inadequate stability at the bone-implant interface, such as a fibrocartilaginous 
nature of the interface and progressive condensation of trabecular bone, as well 
as delayed restoration of function in these animals (Chapter II). Intensified 
periosteal bone apposition in the uncemented group could not be attributed to 
vascular changes only, nor was inferior biocompatibility of polyacetal a 
probable cause. This phenomenon was therefore also presumed to be caused by 
local stresses. In spite of the apparent stress alterations, bone resorption was 
rarely found. Contrarily, early osteoblastic activity occurred, with deposition of 
new bone at the interface. 
In our study, acrylic cement yielded the best primary implant stability and early 
restoration of function. However, the cement itself gives rise to additional 
damage of bone tissue. The subsequent process of repair is most likely to 
deteriorate the initial quality of bone-cement fixation. With this in mind, it 
seems sensible to continue further investigations into cements with suitable 
mechanical properties, but less adverse biological effects. 
Theoretically, uncemented implantation has the potential of early 
revascularization and progressive firmness of fixation in the course of time due 
to bone ingrowth, but clinical experience has engendered many unsolved 
problems which require further studies. In this respect, bone tissue response to 
specific mechanical stimuli particularly yields an interesting field of continued 
research. 
CCWCLt/S/CWS 
- The present animal model yields excellent possibilities to compare tissue 
differentiation aronnd cemented and uncemented implants in a reproducable 
manner. 
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- Refined histological preparation techniques enable the preservation of 
interfacial tissue, thus significantly increasing the actual value of studies 
concerning the bone-implant interface. 
- The limitations of routine anteroposterior and oblique radiographs in the 
radiological interpretation of the bone-implant interface should be 
acknowledged. 
- Even when (low-viscosity) acrylic cement is properly used in the clinical 
situation according to the guidelines of the manufacturer, the bone-cement 
interface can still be disrupted by bleeding from local arteries. 
- Cemented fixation yields excellent primary implant stability and early 
restoration of function. 
- There is a direct relationship between the use of acrylic cement, the extent of 
bone necrosis, bone resorption and fibrous tissue formation at the interface. 
These histologic changes increase the susceptibility for deleterious effects of 
mechanical loads. 
- Preservation of cancellous bone at operation is not only important for 
adequate bone-cement interlocking, but also for early revascularization and 
osseointegration of uncemented implants. 
- It is questionable whether a precise fit of uncemented implants into the 
medullary cavity can be produced at all. 
- Delayed restoration of function after uncemented hip arthroplasty is probably 
due to relative movements at the bone-implant interface. 
- Bone necrosis after uncemented arthroplasty, in our experiment, was less, 
compared to implant fixation with acrylic cement. This is a preferable point of 
departure for osseointegration, which is only likely to occur when initial 
implant stability is optimized. 
- Early instability of cemented implants may give rise to rapid bone turnover, but 
not necessarily to initial endosteal bone resorption. Prosthetic material and 
design are likely to play a role in this respect. 
- After cementless fixation, a compromise must be found with respect to the 
amount of weightbearing. Early weightbearing may promote bone ingrowth, 
whereas excessive loads as well as non-weightbearing for extended periods may 
impede osseointegration. 
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Discussie, samenvatting en conclusies. 
Het uitgangspunt voor iedere arthroplastiek van het heupgewricht, is het tot 
stand brengen van een duurzame fixatie tussen implantaat en botweefsel. De 
huidige resultaten van gecementeerde heupprothesen zijn uitstekend, vooral bij 
oudere patiënten, terwijl redelijke resultaten kunnen worden verkregen bij 
jongere patiënten wanneer zij hun activiteitsniveau aanpassen. Tot dusver is er 
geen andere fixatiemethode gevonden die het contactoppervlak tussen 
implantaat en bot dusdanig vergroot en de inwerkende krachten zo gelijkelijk 
verdeelt, als wanneer acrylcement wordt gebruikt. De voorwaarde dat een 
zorgvuldige operatietechniek het welslagen van ongecementeerde fixatie in 
belangrijke mate bepaalt, is van niet minder belang bij gecementeerde 
implantatie van heupprothesen. Het is zeer aannemelijk, dat de klinische 
resultaten van gecementeerde heuparthroplastieken nog verder zullen verbeteren 
als de moderne cementeringstechnieken consequent worden toegepast. 
Desalniettemin, heeft acrylcement nog altijd een aantal nadelige eigenschappen 
en bijwerkingen, zoals aangegeven in Hoofdstuk I. 
Deze nadelige effecten van acrylcement hebben over de gehele wereld geleid tot 
hernieuwd intensief onderzoek naar andere fixatietechnieken, gebaseerd op een 
biologische verankering van gewrichtsimplantaten door middel van botingroei. 
Een groot aantal verschillende materialen en ontwerpen voor heupprothesen 
werd geïntroduceerd, zoals beschreven in Hoofdstuk II. Tot op heden is de meest 
langdurige klinische ervaring bij de mens opgedaan met ongecementeerde 
femurprothesen die een geprofileerde steel hebben. Ondanks het feit dat de 
gebruikers ervan goede resultaten hebben gemeld op langere termijn, is het 
succes van gecementeerde fixatie nog niet overtroffen. 
Hoewel de klinische ervaring met bioreactieve en poreuze prothese-
oppervlakken nog relatief kort is, hebben talrijke dierexperimenten vele 
belangrijke gegevens met betrekking tot dergelijke implantaten opgeleverd. In 
het algemeen worden precieze passing in het bot en absolute primaire stabiliteit 
van ongecementeerde prothesen als belangrijkste voorwaarden voor botingroei 
beschouwd, waarbij de mate van belasting een cruciale rol lijkt te spelen. Echter, 
bij histologisch onderzoek van materiaal afkomstig van verwijderde prothesen 
bij de mens, is gebleken dat de hoeveelheid botingroei, zelfs onder ideale 
omstandigheden, beperkt blijft. Blijkbaar kunnen goede klinische resultaten 
worden verkregen met implantaten die deels door botweefsel, en deels door 
bindweefsel worden omgeven. Het is de vraag, of dit ook geldt voor 
ongecementeerde revisies, waarvan de eerste resultaten veelbelovend zijn. 
De interface tussen bot en implantaat speelt een beslissende rol in 
loslatingsprocessen. Tot op heden waren de meeste gegevens met betrekking tot 
een vergelijking van gecementeerde en ongecementeerde prothesen gebaseerd op 
vele verschillende prothese-ontwerpen en onvergelijkbare patiëntgroepen. In dit 
verband moet ook de beperkte waarde van dierexperimenten worden onderkend 
(Harms e.a. 1978, Bobyn e.a. 1980). Een van de redenen dat de botreacties in 
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dierexperimenten vaak meer uitgesproken zijn, is dat doorgaans gezonde (en 
fysiologisch jongere) dieren worden gebruikt (Huiskes e.a. 1987). 
Desalniettemin, verschillen de fundamentele aspecten van bot-remodelering niet 
van die bij de mens (Draenert en Draenert 1981). Met deze achtergrond werd een 
diermodel opgezet met behulp waarvan de botreacties rond gecementeerde en 
ongecementeerde femurprothesen op systematische wijze onderzocht konden 
worden (Hoofdstuk III). Dankzij een gestandaardiseerde operatietechniek, 
waren de resultaten afkomstig uit de beide groepen reproduceerbaar en goed te 
vergelijken. Hoewel Morscher (1984) zijn ongecementeerde heupprothese, die 
volledig uit polyacetal bestond, verliet, hoofdzakelijk in verband met te grote 
flexibiliteit, was dit materiaal bij uitstek geschikt om onze ongecementeerde 
prothese tijdens de operatie op de juiste maat te brengen. Het bleek uiteindelijk 
echter vrijwel onmogelijk om een precieze passing te bereiken. Het 
postoperatieve loopgedrag van elk dier werd regelmatig genoteerd, waarbij een 
vertraagd herstel van functie opviel in de ongecementeerde groep. Dit 
verschijnsel kon niet zonder meer worden toegeschreven aan pijn, doch 
proprioceptieve veranderingen speelden mogelijk een rol. 
Uit dierexperimentele onderzoeken is bekend, dat de operatieve procedure voor 
het inbrengen van intramedullaire implantaten aanleiding geeft tot necrose en 
remodelering van bot in het proximale femur, met name ten gevolge van een 
onderbreking van de vascularisatie in de mergholte. 
Tijdelijke periostale hypercirculatie en periostale botappositie zijn hiervan 
doorgaans het gevolg (Rhinelander e.a. 1979). Microangiografie, gecombineerd 
met fluorescentie microscopie (Hoofdstuk IV), toonde een veel snellere 
botombouw in het metafysaire trabeculaire bot vergeleken met diafysair 
compact bot in alle proefdieren. Dit kan worden verklaard uit het verschil in 
structuur en de vaatrijkdom van spongieus bot. 
In de ongecementeerde groep trad een snelle revascularisatie op via de ruimtes 
die waren blijven bestaan tussen de prothesesteel en het omliggende bot, met als 
gevolg een snellere botombouw ten opzichte van de gecementeerde groep. 
Bovendien werd de inwerking van mechanische invloeden, zoals relatieve 
bewegingen tussen implantaat en bot, verondersteld, resulterend in veel 
uitgebreidere periostale botappositie bij deze dieren vergeleken met die in de 
gecementeerde groep. 
In het verleden werd de waarde van vele histologische onderzoekingen naar de 
bot-implantaat interface verminderd, doordat de traditionele preparatie-
technieken onvermijdelijk gepaard gingen met beschadiging van de grenslaag en 
verwijdering van het implantaat uit de preparaten. 
Door bij offering van het proefdier de weefsels met fixatievloeistof te 
perfunderen, en verfijnde histologische technieken te gebruiken, kan de 
grenslaag in onbeschadigde vorm worden bestudeerd, in het bijzonder met 
behulp van raster electronen microscopie. Zo werden enkele proefdieren in ons 
experiment gebruikt om raster electronen microscopie en fluorescentie 
microscopie te kunnen uitvoeren (Hoofdstuk V). Opnieuw werd een verschil in 
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botombouw vastgesteld, zoals reeds in het voorgaande hoofdstuk werd 
beschreven. De preparaten afkomstig van de metafyse in de gecementeerde groep 
werden gekenmerkt door de progressieve vorming van een gelijkmatig 
gestructureerde bindweefselmembraan, waarbij echter gebieden met direkt 
contact tussen bot en cement bleven bestaan, rond de zesde postoperatieve week 
versterkt door nieuw afgezet bot. Diafysair was er overwegend direct bot-cement 
contact, en waren geen duidelijke ombouwactiviteiten te zien bij de grenslaag. 
In tegenstelling daartoe vonden wij in de ongecementeerde groep al in een vroeg 
stadium nieuwe botvorming rond de metafysaire trabekels en in de ruimtes 
tussen de prothesen en corticaal bot. Echter, tussen de implantaten en het 
nieuwgevormde bot bleef een bindweefselmembraan bestaan, welke na verloop 
van tijd het aspect van fibreus kraakbeen kreeg. Deze histologische 
veranderingen in de ongecementeerde groep werden toegeschreven aan relatieve 
bewegingen tussen implantaat en bot. 
De betrekkelijke waarde van de routinematig vervaardigde voorachterwaartse en 
zijdelingse röntgenfoto's ter beoordeling van de grenslaag tussen bot en 
implantaat, werd besproken en geïllustreerd in Hoofdstuk VI. 
Contactröntgenopnamen van dwarse coupes van de femora in beide diergroepen 
leverden belangrijke aanvullende informatie op. In de gecementeerde groep werd 
ter plaatse van de intredeplaats van de arteria nutritia herhaaldelijk een 
onderbreking van het directe bot-cement kontakt geconstateerd door locale 
haematoomvorming, ondanks consequente uitoefening van druk op het cement 
bij de operaties. 
Daarmede wordt bewezen, dat juiste klinische toepassing van (laag-visceus) 
acrylcement in de praktijk zeer moeilijk is. De preparaten uit de gecementeerde 
groep toonden progressieve botresorptie op metafysair niveau, doch de 
cementmantel bleef op meerdere plaatsen door botbruggen ondersteund, 
waarbij de prothesen bij offering als stabiel werden aangemerkt. 
Botresorptie was veel minder opvallend in de ongecementeerde groep, waarin 
eerder nieuwe botvorming op de voorgrond stond. Opvallend was de 
toenemende verdichting van trabeculair bot en metafysaire periostale 
botappositie in deze groep, welke verschijnselen de invloed van veranderde 
krachtspatronen op het grensvlak tussen bot en implantaat, ten gevolge van 
onvoldoende primaire stabiliteit van de implantaten, nog eens bevestigden. 
In Hoofdstuk VII worden de resultaten van ons onderzoek met betrekking tot 
lichtmicroscopie en fluorescentiemicroscopie gepresenteerd, in samenhang met 
literatuurgegevens. Het algemene herstelproces van bot na implantatie van 
gecementeerde heupprothesen is in enkele klassieke studies beschreven. Er is 
echter in dit verband nog steeds geen overeenstemming over de bijdrage van het 
operatietrauma, de nadelige effecten van acrylcement of mechanische belasting, 
terwijl elk van deze afzonderlijk van invloed is gebleken op de postoperatieve 
botreacties. 
Een soortgelijke discussie speelt zich af met betrekking tot ongecementeerde 
prothesen. Het is inmiddels bekend, dat de lange termijn fixatie door botingroei 
afhangt van vele, onderling samenhangende factoren, zoals de operatie zelf en de 
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primaire stabiliteit van het implantaat, prothesemateriaal en ontwerp, 
botkwaliteit en mechanische belasting. Het microscopisch onderzoek in onze 
gecementeerde groep toonde duidelijk aan, dat acrylcement aanleiding geeft tot 
een aanzienlijke uitbreiding van de necrose als vervolg op het operatietrauma. De 
daarop volgende veranderingen op het bot-cement grensvlak werden 
gekenmerkt door progressieve afbraak van metafysair trabeculair bot, dat werd 
omgezet in bindweefsel hetwelk zijn oorsprong vond in infiltraten in het 
belendende beenmerg. Deze reacties, die primair aan de uitgebreidheid van 
botnecrose werden gerelateerd, leidden tot een verminderde verankering tussen 
bot en cement. Daarna ontstond een laagsgewijze trabeculaire botverdichting, 
mogelijk ten gevolge van veranderde krachtspatronen. In de diafyse was er 
overwegend direct bot-cement contact. De histologische preparaten afkomstig 
van de twee dieren met een langere follow-up illustreerden, dat een 
evenwichtssituatie kan blijven bestaan, zelfs wanneer direct contact tussen bot en 
cement beperkt is tot enkele plaatsen. Echter, om welke reden dan ook, kan een 
dergelijk evenwicht evengoed worden doorbroken en progressieve botresorptie 
optreden. 
De histologische verschijnselen in de ongecementeerde groep gaven een indirecte 
bevestiging van de conclusies die werden getrokken in de gecementeerde groep. 
Bij een gestandaardiseerde voorbereiding van de femurschacht, was de 
botnecrose in de ongecementeerde groep veel minder uitgesproken. 
Het fíbreus kraakbeen-achtige weefsel in de grenslaag, de toenemende 
verdichting van trabeculair bot en het vertraagde herstel van het looppatroon 
(Hoofdstuk II), waren elk een mogelijk gevolg van onvoldoende primaire 
stabiliteit van de implantaten in de ongecementeerde groep. De uitgebreidere 
periostale botappositie in de ongecementeerde groep kon niet alleen worden 
toegeschreven aan circulatoire veranderingen, noch kon onvoldoende 
biocompatibiliteit van polyacetal als oorzaak worden aangemerkt. Derhalve 
werd verondersteld, dat dit verschijnsel ook werd veroorzaakt door locaal 
inwerkende krachten. Ondanks de klaarblijkelijke veranderingen in 
krachtspatronen, werd botresorptie in deze groep nauwelijks gezien, terwijl juist 
osteoblastenactiviteit op de voorgrond stond met nieuwe botvorming rond de 
implantaten. 
In onze studie werd met acrylcement de beste primaire stabiliteit en vroeg herstel 
van functie bereikt. Helaas leidt het gebruik van acrylcement tot additionele 
weefselschade. Het dientengevolge optredende herstelproces leidt hoogstwaar-
schijnlijk tot een verminderde kwaliteit van de initiële fixatie tussen bot en 
cement. Deze wetenschap blijft een stimulans vormen om te zoeken naar nieuwe 
cementsoorten met goede mechanische eigenschappen, doch minder 
biologische neveneffecten. 
Theoretisch, kunnen vroege revascularisatie en progressieve botingroei in het 
postoperatief beloop de kwaliteit van de verbinding tussen ongecementeerde 
prothesen en bot alleen maar doen toenemen. Echter, vele studies zijn nog nodig 
om een aantal problemen op te lossen, waarbij met name de mechanische 
invloeden op botremodelering aandacht verdienen. 
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CONCLUSIES 
- Het huidige diermodel levert uitstekende mogelijkheden om de botreacties na 
gecementeerde en ongecementeerde prothese-implantatie op reproduceerbare 
wijze Ie vergelijken. 
- Verfijnde histologische technieken maken het mogelijk om de weefsels op de 
grenslaag tussen implantaat en bot intact te laten, waardoor de betekenis van de 
studies naar deze grenslaag toeneemt. 
- De beperkingen van routine voorachterwaartse en zijdelingse röntgenfoto's bij 
de radiologische beoordeling van de grenslaag tussen bot en implantaat moeten 
worden onderkend. 
- Zelfs wanneer (laag-visceus) acrylcement in de klinische situatie zorgvuldig 
wordt gebruikt volgens de richtlijnen van de fabrikant, kan het directe contact 
tussen bot en cement alsnog door bloedingen uit plaatselijke arteriën verloren 
gaan. 
-Fixatie met cement levert een goede primaire stabiliteit van prothesen en 
spoedig functieherstel op. 
- Er is een direct verband tussen het gebruik van acrylcement, de omvang van 
botnecrose, botresorptie en de vorming van bindweefsel op de grenslaag tussen 
bot en cement. Deze histologische veranderingen vergroten de kans op nadelige 
invloeden van mechanische belasting. 
- Het sparen van spongieus bot tijdens de operatie is niet alleen van belang voor 
een goede verankering tussen bot en cement, doch ook voor spoedige 
revascularisatie en fixatie door botingroei van ongecementeerde prothesen. 
- Het is de vraag of een precieze passing van ongecementeerde prothesen in de 
femurschacht haalbaar is. 
-Het vertraagde functieherstel na een ongecementeerde heuparthroplastiek 
moet wellicht worden toegeschreven aan relatieve bewegingen tussen 
implantaat en bot. 
- Botnecrose in geval van ongecementeerde fixatie in ons experiment was minder 
dan na fixatie van implantaten met acrylcement. Dit is een beter uitgangspunt 
voor osseointegratie, maar daarvoor is optimale primaire stabiliteit van het 
implantaat een absoluut vereiste. 
-Vroegtijdige instabiliteit van ongecementeerde implantaten kan leiden tot 
snelle botombouw, doch niet noodzakelijkerwijs tot initiële endostale 
botresorptie. Prothesemateriaal en -ontwerp spelen in dit opzicht vermoedelijk 
een beslissende rol. 
-Na gecementeerde fixatie moet er een compromis worden gevonden met 
betrekking tot de mate van belasting. Vroege belasting kan botingroei 
induceren, terwijl overmatige belasting doch ook het langdurig vermijden van 
enige belasting, het optreden van osseointegratie kunnen verhinderen. 
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STELLINGEN 
1. Het wezenlijke verschil tussen gecementeerde en ongecementeerde fixatie 
van gewrichtsprothesen is, dat de kwaliteit van de verankering tussen bot en 
cement vanaf het moment van operatie door allerlei oorzaken afneemt, 
terwijl de mate van fixatie van ongecementeerde implantaten door 
botingroei kan toenemen. 
2. Het gebrek aan voldoende kennis en inzicht betreffende de fundamentele 
processen die zich rondom een gewrichtsimplantaat afspelen, wordt 
weerspiegeld in het enorme aantal verschillende beschikbare prothesen. 
3. Een goede manier om de kans op mechanische loslating van een totale 
heuparthroplastiek te verminderen, is de indicatie voor deze operatie niet te 
vroeg te stellen. 
4. Bij het bespreken van de indicatie voor een totale heuparthroplastiek moet 
aan de patiënt duidelijk worden gemaakt dat het een 'prothese' betreft, 
welke een aanpassing van het activiteitsniveau noodzakelijk maakt. 
5. Acrylcement dient te worden gebruikt als vulmiddel en niet als middel om 
een onzorgvuldige operatietechniek ongedaan te maken. 
6. Het uitvoeren van een arthroscopic van het kniegewricht zonder 
gebruikmaking van een tasthaakje, dient te worden beschouwd als een 
kunstfout. 
7. Een wervelfraktuur met verplaatsing van fragmenten in het spinale kanaal, 
waarbij geen neurologische uitvalsverschijnselen aanwezig zijn, behoeft 
niet noodzakelijkerwijs operatief te worden behandeld. 
8. Allogene beenmergtransplantatie ter behandeling van chronische myeloide 
leukemie dient in een vroeg stadium van de ziekte te worden overwogen bij 
patiënten jonger dan 50 jaar, die beschikken over een histocompatibel 
familielid. 
9. We kennen al een basisarts en binnenkort ook een basisverzekering. Het 
wachten is nog op de basispaticnt. 
10. Het gegeven dat seizoensgebonden stemmingsstoornissen met kunstlicht 
kunnen worden behandeld, noopt tot het op grote schaal aanbrengen van 
extra verlichting op het Binnenhof ten tijde van debatten over de 
gezondheidszorg. 
11. Vertrouwelijke stukken worden meestal achtergelaten in het kopieer-
apparaat. 
12. In de huiselijke sfeer zijn er drie manieren om overal een antwoord op te 
hebben: een encyclopedie, een personal computer en een tiener. 
13. Voor wetenschappelijk onderzoek is het van belang dat alles wat gezegd 
wordt, waar is. Helaas wordt niet alles wat waar is, gezegd. 



